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The quality of parental care is a fundamental contributor to various domains of child 
development. Not surprisingly, parents are often the main targets of interventions 
that aim to support children’s (social-emotional) development. Thereby, parental 
behavior is often examined as predictor, mediator and/or moderator of (mal)
adaptive child behavior. However, to better understand the effects of parenting 
support programs, insights in parents’ internal processes that underlie parenting 
and their potential involvement in the (long-term) efficacy of such programs 
is crucial. The Video-feedback Intervention to promote Positive Parenting and 
Sensitive Discipline (VIPP-SD) has previously been found to effectively enhance 
parental interactive behavior with their children. Yet, the mechanisms that account 
for its efficacy remain largely unknown. The current dissertation aims to gain insight 
into these mechanisms and is focused on two neurocognitive processes in particular: 
neural face processing and inhibitory control. 
Parental sensitivity and sensitive discipline
Inspired by Charles Darwin’s evolution theory, John Bowlby (1982) summarized 
his views on human develop in the attachment theory, stating that newborns are 
biologically predisposed to form an attachment bond with their caregiver in order 
to enhance their survival and inclusive fitness. The attachment figure functions as a 
secure base by providing the infant with emotional support, comfort and physical 
protection in response to infants’ proximity and contact seeking, behavior that is most 
apparent during stressful situations. Expanding Bowlby’s work, Mary Ainsworth 
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observed mother-infant interactions and found that variations in the quality of 
parental care during the first year of life were crucial for attachment (in)security 
(Ainsworth, Bell, & Stayton, 1974). She formulated the quality of care as parental 
sensitivity, which refers to the ability to perceive, interpret and respond to children’s 
(emotional) signals and is characterized by prompt, appropriate and consistent 
caregiving responses. When children enter toddlerhood, developmental advances 
in motor skills and cognitive capacities support children’s active engagement with 
their (social) environment. Children start to explore the world and their autonomy, 
which may increase their displays of challenging and disruptive behavior. Children 
in these ‘terrible twos and threes’ need parental guidance and limit setting to 
regulate their behavior. The quality of parental limit setting is conceived as sensitive 
discipline, which refers to firm and consistent limit setting in a gentle manner and 
is characterized by high levels of support and low levels of parental control. The 
concept of sensitive discipline is not only rooted in attachment theory but stems 
also from Patterson’s (1982) social learning theory on coercive cycles in which he 
emphasizes that parent and child may reciprocally reinforce aversive behavior. For 
instance, ineffective parental discipline practices, such as harsh and inconsistent 
limit setting, will lead to increased challenging and disruptive child behavior. In 
contrast, effective parental discipline practices such as explaining and distraction 
reduces disruptive child behavior and supports successful socialization. The two 
parenting dimensions, parental sensitivity and sensitive discipline, are jointly 
important during early childhood; a developmental phase that is characterized 
by increased child noncompliance. Parental sensitivity is suggested to promote 
children’s attachment security whereas parental sensitive discipline may prevent 
or reduce children’s behavioral problems. These two dimensions of parenting are 
targeted by the Video-feedback Intervention to promote Positive Parenting and 
Sensitive Discipline (VIPP-SD). 






Video-feedback Intervention to promote Positive Parenting and Sensitive Discipline
Several parenting support programs have been found to be effective in enhancing 
parenting practices or supporting child development, including Incredible Years 
(Webster-Stratton, 2006; Gardner et al., 2019), the Attachment and Biobehavioral 
Catch-up (ABC; Dozier et al., 2017), Parent Management Training-Oregon (PMTO; 
Forgatch & Patterson, 2010) and the Video-feedback Intervention to promote Positive 
Parenting and Sensitive Discipline (VIPP-SD; Juffer, Bakermans-Kranenburg & 
Van IJzendoorn, 2017). We examined the VIPP-SD; an evidence-based parenting 
support program that is particularly suited for parents with young children as it 
combines attachment theory and social learning theory (Juffer et al., 2017). The 
intervention targets parental sensitivity and sensitive discipline using video-
feedback provided by an intervener who visits the families five to six times at home. 
The videos contain footage of parents’ own interaction with their children (i.e., to 
identify with the content), which is a powerful tool in training careful observation 
and perception of (subtle) child signals. During video reviewing, the intervener 
empowers and supports parents’ prompt and adequate responses through positive 
reinforcement and addresses limit-setting through reflections on parental behavior. 
The intervention is found to promote positive parenting as evidenced by enhanced 
parental sensitivity and sensitive discipline (Juffer, Bakermans-Kranenburg, & Van 
IJzendoorn, 2017). Yet, little is known about the mechanisms that account for the 
observed change in parenting on a behavioral level. By examining different levels of 
parental functioning (e.g., neural, cognitive and behavioral), the current dissertation 
aims to shed light on mechanisms through which intervention effects are established
Neurocognitive perspective on parenting
Often, parenting is defined by its observable behavioral features. However, parenting 
is a colorful painting that is the result of neural, cognitive and emotional processes 
(Pareira & Ferreira, 2016). Conceptually, parenting can be viewed as an ‘end product’ 
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that results from a sequence of internal processes that are activated by offspring cues. 
Evidenced by (animal) studies on pregnancy and parental care, we may assume 
that mammalian attachment and caregiving are underpinned by neurobiological 
processes (Feldman, 2017; Kohl, 2020). For instance, perception of offspring cues is 
supported and prioritized by neural networks in the ‘parental brain’ as evidenced 
by studies using brain-imaging techniques. For example, mothers show stronger 
neural activity in response to infant- and child signals such as different facial 
expressions and cry sounds that vary in pitch frequency compared to non-parents 
(Maupin, Hayes, Mayes & Rutherford, 2015). In addition to perception, regulatory 
processes that facilitate behavioral responses shape parenting as well. In particular, 
challenging child behavior greatly appeals to parents’ capacity to regulate their own 
behavior, and if parents do not succeed in regulation of their own behavior, such 
child behavior can evoke negative parenting practices (Verhoeven, Junger, van Aken, 
Dekovic, & van Aken, 2010). Behavior regulation heavily relies on cognitive control 
capacities and this might be of particular relevance to sensitive discipline: setting 
firm but gentle limits in response to disruptive child behavior. Previous research 
indeed has shown that higher levels of cognitive control are related to more positive 
parenting practices (Chico, Gonzales, Ali, Steiner, & Fleming, 2014; Crandall, Deater-
Deckard & Riley, 2015). To better understand the fundamental processes involved in 
parenting and the efficacy of parenting interventions, investigation of underlying 
internal processes that contribute to observed parenting is essential. This dissertation 
is focused on two neurocognitive processes in particular: neural processing of 
emotional child faces, for its role in parental sensitivity, and inhibitory control, for 
its role in sensitive discipline. 
Neural face processing
For successful social interaction, the capacity to process faces is of great importance 
as faces communicate the internal/emotional states of others (Grady & Keightley, 






2002, Adolphs, 2003; Zebrowitz, 2006). The N170, a negative-going potential peaking 
approximately 170 ms after face presentation, is the electrophysiological index of 
face processing and reflects a relatively early, more automatic stage of processing 
and encoding faces (Bentin, Allison, Puce, Perez, & McCarthy, 1996; Botzel, Schulze, 
& Stodieck, 1995; Yovel, 2016). Studies on maternal neural face processing have 
shown that N170 amplitudes in response to (unfamiliar) infant and child faces are 
stronger in mothers compared to non-mothers (Maupin et al., 2015). These processes 
are not primarily driven by kinship but also modulated by caregiving experiences 
as evidenced by studies in adoption and foster families, in which stronger neural 
activity in response to own child’s face (whether or not biologically related) was 
found compared to unfamiliar child faces (Grasso, Moser, Dozier & Simons, 2009; 
Bick, Dozier, Bernard, Grasso, & Simons, 2013). In the context of the VIPP-SD, 
training mothers’ perception of emotional child signals is hypothesized to affect 
neural processing of emotional child faces (Chapter 3), which in turn is expected 
to support maternal sensitivity on a behavioral level (Chapter 4). The pioneering 
study by Bernard, Simons and Dozier (2015) supports this idea as enhanced neural 
processing of emotional over neutral children’s faces was found to be associated 
with higher rates of observed maternal sensitivity (Bernard et al., 2015), suggesting 
that sensitivity on a neural level resonates with sensitivity on a behavioral level. 
Inhibitory control 
Inhibitory control reflects the capacity to suppress dominant or impulsive responses; 
a cognitive process that is important in regulating negative emotionality. Sensitive 
discipline calls upon inhibitory control, as effective discipline strategies require 
regulation of parents’ own negative emotions; the task of the parent is to remain 
patient and stay child-focused. Previous research has indeed shown that lower levels 
of inhibitory control are related to maltreatment and more harsh and controlling 
parenting practices (Deater-Deckard, Wang, Chen, & Bell, 2012; Crandall, Deater-
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Deckard & Riley, 2015; Bridgett, Kanya, Rutherford & Mayes, 2017), suggesting 
that cognitive capacities underpin (mal)adaptive parenting. Although the VIPP-SD 
does not directly target cognitive control capacities, the elements of waiting and 
watching, i.e., pausing, zooming out and staying child focused, appeal to the capacity 
to inhibit dominant response and affect inhibitory control. In this dissertation, it 
is hypothesized that participating in the VIPP-SD program improves parents’ 
inhibitory control, which in turn supports sensitive discipline on a behavioral level 
(Chapter 5).
Leiden Consortium on Individual Development
The current dissertation is embedded in the Leiden Consortium on Individual 
Development (L-CID): a six-year randomized-controlled trial (RCT) that includes 
two cohorts of families with same-sex mono- and dizygotic twins. Each consisting 
of approximately 250 families, one of the cohorts includes preschoolers who were 
3- to 4-years old at the start of the study (Euser et al., 2016), the other cohort includes 
children in middle childhood who were 7- to 8-years old at the start of the study 
(Crone et al., 2020). The primary aim of L-CID is to test the efficacy of the VIPP-SD 
(i.e. adapted for twin families; Euser et al., 2016) on parental sensitivity and sensitive 
discipline. The secondary aim is to gain insight in person x environment interaction 
effects on children’s developmental trajectories of social competence and behavior 
regulation. The experimental sequential-cohort design allows for examination of 
these processes across early and middle childhood. During annual visits, either at 
home or in the laboratory, data on various levels of child and parent functioning were 
collected using various methods and instruments (e.g., questionnaires, behavioral 
observations, EEG/ERP, fMRI). 
Outline of this dissertation
This dissertation describes a subsample of L-CID’s early childhood cohort and 






includes 66 mothers with their 5-year old same-sex twins. The mothers participated 
in two additional laboratory EEG-assessments that were added to the ongoing L-CID 
project two years after its start. Chapter 2 describes the preregistration of the studies 
presented in the current dissertation and outlines the theoretical background of its 
topics. Furthermore, details on the sample and its selection from the larger L-CID 
study, randomization procedure and development of the experimental paradigms 
are described in Chapter 2. 
As the general aim of this dissertation is to gain more insight into parenting and 
intervention efficacy from a neurocognitive perspective, neural face processing 
and inhibitory control are examined as potential mediators of expected VIPP-SD 
effects on maternal sensitivity and sensitive discipline. Figure 1 displays a graphical 
representation of the empirical studies as presented in the subsequent chapters. 
Chapter 2 describes the study protocol that was preregistered and as such reflects 
our support of open science. Chapter 3 zooms in on mothers’ neural processing 
of children’s happy, angry and neutral facial expressions. The central question in 
this chapter is whether the VIPP-SD enhances mothers’ neural face processing by 
examining three ERPs that reflect different stages of social information processing; the 
N170, the P1 and the Late Positive Potential (LPP). Chapter 4 extends the focus to the 
role of neural face processing in observed maternal sensitivity. The chapter describes 
a mediation study in which we aim to tap into processes that underlie parenting and 
intervention efficacy. We test neural face processing as mediator of VIPP-SD effects 
on observed maternal sensitivity. Chapter 5 is centered around inhibitory control 
and sensitive discipline and describes a mediation study. It is hypothesized that the 
VIPP-SD improves inhibitory control, which in turn enhances observed sensitive 
discipline. Chapter 6 summarizes the main findings and discusses them in light of 
the existing literature. Finally, the closing chapter provides a critical review of the 
study and directions for future research.
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Figure 1. Graphical representation of the topics investigated in the current dissertation. The blue arrow 
represents Chapter 3 in which effects of the VIPP-SD on mothers’ neural processing of emotional 
children’s faces is described. Chapter 4 is represented by the turquoise arrows and describes our study 
on neural face processing as mediator between the VIPP-SD and maternal sensitivity. The orange arrows 
represent the study on inhibitory control as mediator between the VIPP-SD and sensitive discipline as 









Which neural mechanisms mediate the effects of a parenting 
intervention program on parenting behavior: design of a randomized 
controlled trial
This chapter is published as:
Kolijn, L., Euser, S., van den Bulk, B.G., Huffmeijer, R., van IJzendoorn, M.H., & Bakermans-Kranenburg, 
M. (2017). Which neural mechanisms mediate the effects of a parenting intervention program on parenting 










The Video-feedback Intervention to promote Positive Parenting and Sensitive 
Discipline (VIPP-SD) has proven effective in increasing parental sensitivity. However, 
the mechanisms involved are largely unknown. In a randomized controlled trial we 
examine parental neurocognitive factors that may mediate the intervention effects on 
parenting behavior. Our aims are to (1) examine whether the intervention influences 
parents’ neural processing of children’s emotional expressions and the neural 
precursors of response inhibition and to (2) test whether neural changes mediate 
intervention effects on parenting behavior. We will test 100 mothers of 4-6 year 
old same-sex twins. A random half of the mothers will receive the VIPP-SD Twins 
(i.e. VIPP-SD adapted for twin families), consisting of 5 home visits in a 3-month 
period; the other half will receive a dummy intervention. Neurocognitive measures 
are acquired approximately 2 weeks before and 2 weeks after the intervention. 
Mothers’ electroencephalographic (EEG) activity is measured while performing 
a stop signal task and in response to children’s facial expressions. To obtain a 
complimentary behavioral measure, mothers also perform an emotion recognition 
task. Parenting behavior will be assessed during parent-child interactions at pre and 
post intervention lab visits. Our results will shed light on the neurocognitive factors 
underlying changes in parenting behavior after a parenting support program, which 
may benefit the development of such programs.
Trial registration: Dutch Trial Register: NTR5312; Date registered: January 3, 2017. 
Keywords: EEG, parenting, intervention, emotion, inhibitory control
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Background
Parents play a pivotal role in children’s social, emotional and cognitive development 
(e.g., Newton et al., 2014; Kok et al., 2013). Parental sensitivity, defined as the ability to 
recognize, accurately interpret and promptly respond to children’s cues (Ainsworth, 
Bell, & Stayton, 1974), is a core construct indicating quality of parenting. Parental 
sensitivity has been found to be an important predictor of children’s internalizing 
and externalizing problem behavior (Reitz, Deković & Meijer, 2006; Bakermans-
Kranenburg, Van IJzendoorn, Pijlman, Mesman & Juffer, 2008b; Yap & Jorm, 2015; 
Roskam, Meunier & Stievenart, 2016), social competence (Knafo, Israel & Ebstein, 
2011; Altay & Güre, 2012) and emotion regulation (Chan, 2011; Kim & Kochanska, 
2012). The Video-feedback Intervention to promote Positive Parenting and Sensitive 
Discipline (VIPP-SD; Juffer, Bakermans-Kranenburg, & van IJzendoorn, 2008) has 
been proven to enhance parental sensitivity and sensitive discipline in several 
randomized controlled trials in various countries (Juffer, Bakermans-Kranenburg, 
& van IJzendoorn, 2016). However, the underlying mechanisms accounting for 
the observed change in parenting behavior remain largely unknown. The current 
protocol presents a randomized controlled trial in which we aim to examine the 
neurocognitive mechanisms through which intervention effects on parenting 
behavior might be established. The focus will be on assessing the underlying neural 
activity of two constructs that may be important in parenting behavior: emotion 








To promote survival, infants are biologically predisposed to develop an attachment 
relationship with their caregiver (Bowlby, 1969). A secure attachment relationship is 
established through early caregiving experiences and is related to positive outcomes 
in early and later childhood and adolescence (Atkinson et al., 2000; Fagot, 1997; 
Sroufe, Egeland, Carlson, & Collins, 2005; Stams, Juffer, & Van IJzendoorn, 2002), 
highlighting the importance of developing a secure attachment relationship. More 
specifically, meta-analytic studies confirm that insecure and disorganized attachment 
is related to later externalizing problem behavior (Fearon, Bakermans-Kranenburg, 
Lapsley & Roisman, 2010), internalizing symptoms (Groh, Roisman, Van IJzendoorn, 
Bakermans-Kranenburg & Fearon, 2012) and poorer social competence (Groh et al., 
2014). An important determinant for developing a secure attachment relationship 
is parental sensitivity (De Wolff & Van IJzendoorn, 1997; Bakermans-Kranenburg, 
Van IJzendoorn, & Juffer, 2003), as changes in parental sensitivity have been shown 
to lead to changes in attachment security in children (Bakermans-Kranenburg et 
al., 2003). Enhancing parental sensitivity thus benefits the quality of the attachment 
relationship which in turn is supposed to lead to positive child outcomes (Reitz, 
Deković & Meijer, 2006; Bakermans-Kranenburg et al., 2008b; Yap & Jorm, 2015; 
Roskam et al., 2016; Belsky, Woodswort, & Crnic, 1996; Pluess & Belsky, 2009). 
Although early caregiving experiences during infancy and early childhood are 
central to developing a secure attachment relationship, parents’ responses to their 
children’s communications regarding feelings of anxiety and stress remain of great 
importance during childhood. Neuropsychological research into parenting provides 
insight into parents’ processing of and responding to children’s attachment cues. 
For example, EEG research can provide insight into which specific early, automatic 
processes (e.g. face perception) and/or later, more controlled (‘reflective’) processes 
(e.g. resource allocation [Maupin, Hayes, Mayes & Rutherford, 2015]) contribute to 
(successful and sensitive) parental behavior. Outcomes may have implications for 
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the malleability of parental responses as well as the kind of interventions needed 
to optimize parental sensitivity. We will investigate neural processing of emotional 
facial expressions and the neural correlates of inhibitory control as it is plausible 
that these processes are important for parental sensitivity. More specifically, the two 
neurocognitive processes of interest may be affected by the intervention since key 
elements of the intervention involve parental coping with children’s displays of 
(negative) emotionality. 
Processing facial expressions
An important aspect of parenting is recognition and accurate interpretation of 
emotional child cues, for example emotional facial expressions. An extensive body 
of EEG research on faces reports the N170 to be a neurophysiological marker of face 
processing. The N170 is a negative-going event-related potential (ERP) component 
that peaks at approximately 170 ms post stimulus onset at occipito-temporal 
electrode sites and is usually largest over the right hemisphere. The N170 is thought 
to reflect the relatively early stage of processing and encoding face configuration 
(e.g., Bentin, Allison, Puce, Perez & McCarthy 1996; Botzel, Schulze & Stodieck, 1995) 
(for a recent review see Yovel, 2016). Although there is some debate regarding effects 
of emotional valence on N170 amplitude and latency (with contradictory findings; 
Ashley, Vuilleumier, & Swick, 2004; Batty & Taylor, 2003; Eimer & Holmes, 2002; 
Krombholz, Schaefer & Boucsein, 2007; Sprengelmeyer & Jentzsch, 2006; William, 
Palmer, Liddell, Song, & Gordon, 2006), N170 amplitudes are generally larger for 
emotional compared to neutral faces (see Hinojosa, Mercado, & Carretié, 2015, for a 
meta-analysis) and there is evidence that N170 amplitude is sensitive to the intensity 
of emotional expressions (Sprengelmeyer & Jentzsch, 2006). In addition, individual 
differences in socio-emotional characteristics (e.g., Almeida, Ferreira-Santos, 
Vieira, Moreira, Barbosa, & Marques-Teixeira, 2014; Cheung, Rutherford, Mayes, 







2014) as well as negative childhood parenting experiences (Huffmeijer, Tops, 
Alink, Bakermans-Kranenburg, & van IJzendoorn, 2011; Huffmeijer, Bakermans-
Kranenburg, Alink, & van IJzendoorn, 2014) have been found to affect N170 and 
VPP amplitudes (thought to reflect activity of the same set of generator dipoles; 
Joyce, Rossion, 2005). Importantly, a recent study has provided initial evidence that 
the neural processing of children’s emotional facial expressions may be responsive to 
behavioral intervention: Neural activity in response to emotional facial expressions 
was found to be different in Child Protective Services (CPS)-referred mothers who 
received an attachment-based intervention compared to a randomized control group 
(Bernard, Simons, & Dozier, 2015). In the current study we aim to test whether the 
intervention will affect the N170 in response to children’ emotional faces in a large 
non-clinical sample of mothers of young same-sex twins. To complement neural 
data on processing facial expressions, mothers will perform an Emotion Recognition 
Task (ERT; Montagne, Kessels, De Haan, & Perrett, 2007) to measure facial emotional 
processing at the behavioral level. The ERT measures perception of facial emotional 
expressions presented at different intensities. The ERT contains neutral child faces 
(0% emotional expression) that gradually (i.e. in 10% steps) change into an emotional 
expression (100% emotional expression). By pressing a button, mothers indicate that 
they recognize the emotion they think is expressed on the face and subsequently 
select the corresponding emotion they recognized. 
Inhibitory control
Inhibitory control plays a crucial role in emotion regulation (Gross, 1998) and both 
processes impact parenting behavior, especially in stressful situations (Deater-
Deckard, 2014). Challenging child behavior may evoke negative parenting, including 
the use of harsh discipline, and lack of support and structure(Verhoeven, Junger, van 
Aken, Dekovic & van Aken, 2010). Low cognitive control in general has been related 
to a variety of negative parenting behaviors, such as ineffective and controlling 
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parenting styles, negative reactions toward children’s emotions, maternal rejection 
and risk for maltreatment (Crandall, Deater-Deckard & Riley, 2015). Thus, parents’ 
efficient control as reflected in the ability to inhibit negative parenting responses to 
child attachment signals may facilitate parental sensitivity and sensitive discipline 
when parents are faced with challenging child behavior. In addition, the association 
between low inhibitory cognitive control and increased negative parenting was 
found to be stable in parents with children in early childhood through adolescence 
(Crandall et al., 2015), highlighting the importance of supporting inhibitory capacities 
in the early stages of parenting. 
The amplitude of the N2 component elicited in stop signal tasks (which requires 
inhibition of a prepotent response at the presentation of a specific stimulus; see 
Logan, Cowan, & Davis, 1984) is implicated in inhibitory control over responses (for 
a review, see Folstein & van Petten, 2008). The N2 is a negative-going ERP component 
that peaks at around 200 ms after stimulus onset at fronto-central electrode sites. The 
N2 has been found to be involved in response inhibition, and may be affected by a 
combination of stop signal processing, conflict detection and suppression of motor 
responses (Folstein & van Petten, 2008; Dong, Yang, Hu, & Jian, 2009; Swainson et 
al., 2003). Smaller (less negative) N2 amplitudes have been related to less efficient 
response inhibition (van Boxtel, van der Molen, Jennings, & Brunia, 2001) as well 
as impulsive-violent behavior (Chen, Tien, Juan, Tzeng, Hung, 2005). As inhibitory 
control plays an important role in emotion regulation and thereby modulates parental 
reactions to children’s behavior (Deater-Deckard, 2014), we aim to test whether the 
intervention enhances N2 amplitudes as well as the efficiency of response inhibition 
in a stop signal paradigm.
Parental stress 
Parenting behavior can be negatively influenced by parental stress (Abidin & Abidin, 







more lax and harsh parenting behavior, and may lack warmth and responsiveness 
(Crnic and Greenberg, 1987; Pinderhuges, Dodge, Bates, Pettit & Zelli, 2000) and daily 
hassles influence both parenting behavior and parent-child interactions (Crnic, Gaze 
& Hoffman, 2005). Parenting interventions may be effective in enhancing parental 
feelings of efficacy, and in reducing reported parental stress (Kaaresen, Rønning, 
Ulvund, Dahl, 2006). Stressful life events are robustly related to heightened cortisol 
levels, and in a previous study a parenting intervention was found to be effective in 
reducing cortisol levels in children carrying the DRD4 7-repeat allele (Bakermans-
Kranenburg, Van IJzendoorn, Mesman & Alink, 2008a). For the current study we 
aim to investigate whether the intervention lowers stress in parents, as reflected in 
self-reported stress and in lower cortisol levels, which in turn may facilitate parental 
sensitivity. 
Intervention
The VIPP-SD aims to enhance parental sensitivity and sensitive discipline (Juffer et 
al., 2008) and has been proven to be effective in twelve randomized controlled trials 
in various populations (combined effect size of d = 0.47 [Juffer et al., 2016]). For the 
current study, the VIPP-SD protocol was adapted for families with young same-
sex twin children, the VIPP- SD Twins (Euser et al., 2016). Compared to parents 
of singletons, parents of twins are exposed to more parenting challenges that may 
put them at risk for developing mental health issues (Andrade, Martins, Angelo 
& Martinho, 2014). In addition, parents of twins experience more parenting stress 
and depression, experience parenting as more difficult and obtain less pleasure from 
their children (Olivennes, Golombok, Ramogida & Rust, 2005), highlighting the 
importance of parenting support for twin families.
Aims and hypotheses
1) Our primary aim is to investigate intervention effects on the neural 
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correlates of inhibitory control and the neural processing of emotional 
facial expressions. First, we will examine whether the intervention affects 
the neural processing of children’s emotional faces as reflected in the N170 
component. We expect that N170 amplitudes in response to emotional 
faces will be enhanced in parents in the intervention condition compared 
to parents in the control condition. In addition, we will explore potential 
latency and differential emotion effects as well. Second, we will examine 
whether the intervention affects the N2 during a response inhibition (stop 
signal) task. Compared to parents in the control condition, we expect N2 
amplitudes in response to stop signals to be enhanced in parents in the 
intervention condition. In addition, we will explore whether the intervention 
affects latency of the N2. 
2) Our secondary aim is to investigate the neurobiological mechanisms through 
which intervention effects on parenting behavior are established. More 
specifically, we will investigate whether the intervention results in changes 
in these neurocognitive processes which in turn contribute to observable 
effects on parenting behavior. We will examine whether intervention effects 
on parenting behavior are mediated by intervention effects on the N170 and 
N2. The expectation is that the intervention positively affects the neural 
processing of children’s emotional faces and inhibitory control mechanisms, 
as indicated by enhances amplitudes of the N170 and the N2, which in turn 
will promote parental sensitivity and sensitive discipline during parent-
child interactions. In addition, we will examine whether intervention effects 
on sensitive parenting behavior are mediated by the stress hormone cortisol. 
It is expected that the intervention reduces stress levels in parents which in 
turn promotes parental sensitivity and sensitive discipline. 
3) Our tertiary aim is to explore whether intervention effects on parenting 







asymmetric frontal cortical activity (see Figure 1). Asymmetric frontal 
cortical activity is thought to reflect an individual’s motivational tendency 
toward approach or withdrawal (Harmon-Jones, Gable, & Peterson, 
2010). Individual differences in motivational tendencies may affect their 
sensitivity to interventions targeting social behavior. In a recent study, for 
example, we found that effects of administered oxytocin and experiences 
of love withdrawal on donations to charity were moderated by individual 
differences in asymmetric frontal cortical activity. Oxytocin and love 
withdrawal affected donations only for individuals showing greater activity 
of the right than the left frontal cortex (Huffmeijer, Alink, Tops, Bakermans-
Kranenburg, & van IJzendoorn, 2012). We expect frontal cortical asymmetry 
to play a similar moderating role in intervention effects on the N170 and N2, 
and, ultimately, parenting behavior (Figure 1).
Figure 1. Overview of central study parameters and aims. 




The current study is part of the Leiden Consortium on Individual Development 
(L-CID) which is a 5-year randomized controlled trial including a parenting 
intervention in which families with young same-sex twins living in the western 
region of the Netherlands participate (for a more detailed description on the full 
L-CID study design, see Euser et al., 2016). The current study focuses on factors 
involved in the intervention, with the primary caregiver of the twins as participants. 
The intervention is delivered to a random 50% of the primary caregivers. The study 
consists of two assessments in which only the primary caregiver will take part. 
The first assessment (i.e. pretest) will take place two weeks before and the second 
assessment (i.e. posttest) two weeks after the intervention. Both assessments will 
take place in the laboratory and focus on the neural mechanisms through which 
intervention effects on parenting behavior are brought about. To measure parenting 
behavior, parental sensitivity and sensitive discipline will be assessed during the 
first posttest of the L-CID study in which both the primary caregiver and children 
take part (Euser et al., 2016). This protocol paper adheres to the SPIRIT guidelines 
(see additional file 1). 
Recruitment participants
As the current study is part of the larger L-CID study, recruitment has been completed. 
Families with twins living in the western region of the Netherlands were selected 
from municipality records. Families were eligible for participation when twins were 
same gender, when the parents were fluent in Dutch and when the grandparents 
were born in Europe (for more detailed information on recruitment, see Euser et 
al., 2016). For the current study, parents will be excluded in case of a history of or 







psychoactive medication. Parents will be invited for the first assessment by phone 
after which they will receive a detailed information letter. Parents will receive a 
financial reimbursement of €20 for participating in each assessment and their travel- 
and babysitting expenses will be covered. 
Randomization
Randomization to intervention condition is done every month at the family level in 
a ratio of 2:3, using a computer-generated blocked randomization sequence, with a 
block size of 19 families based on timing of the intervention and stratified by gender 
of the primary parent and twin. For the current study, we will use a condition 
ratio of 1:1, leading to a group of 50 intervention and 50 control parents. To select 
this subsample, a similar number of families from the intervention and control 
condition will be invited for the study, using the same blocked computer-generated 
randomization sequence and stratified by twin gender, but excluding male primary 
parents. The remaining families in both the intervention and control condition will 
be assigned to the intervention or control “shadow sample”. The shadow samples 
will be used when parents who are assigned to the parent study refuse to participate 
in this part of the project. 
An independent researcher who is not involved in data collection or coding will 
perform assignment of participants. Right before the start of the intervention, 
allocation will be performed in order to prevent selective attrition. Because of the 
open-label design researchers, interveners and participants are blinded to assignment 
before, but not after, randomization. Importantly, only after the first (pretest) parent 
assessment has taken place, parents will be informed about the condition they are 
assigned to (see Figure 2). Coders and research assistants who carry out the post-
intervention home-visits and laboratory sessions are blind to treatment allocation to 
reduce bias generated by knowledge about allocation of participants to a minimum.
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Sample size and power
For our primary aim, testing the effect of the intervention on the N170 and N2, with a 
repeated measures analyses with α = .05 and a sample size of 100 parents, the power 
to detect at least a medium-sized effect is > .9 (repeated measures ANOVA within-
between interaction, G*Power 3.1.9.2). For our secondary aim, testing mediating 
mechanisms, the power to detect medium to large effects is at least .9 as the power to 
detect mediating effects is generally larger than it is for main effects (Kenny & Judd, 
2014). For our third aim, testing moderation effects, the power is to detect medium 
to large effects is .5 - .9. 
Intervention
The original version of the intervention (VIPP-SD) has been adapted for the use with 
twin families, the VIPP-SD Twins (see Euser et al., 2016). Instead of only including 
one target child in the intervention sessions, both twins are included. Parenting a 
twin may lead to different kinds of challenges for parents, such as dividing attention 
and sharing or competition between twins, which are less relevant for parents with 
singletons (for a detailed description of the adaptions, see Euser et al., 2016). The 
experimental group (50% of the parent sample, randomly selected) will receive 
the VIPP- SD Twins between the pre and posttest (see Euser et al., 2016 and Juffer, 
Bakermans-Kranenburg, & van IJzendoorn, 2015 for a detailed description). The 
VIPP-SD Twins consists of five home visits in which families are visited at home by 
a female intervener. All interveners were extensively trained and used the manual 
VIPP-SD version 3.0 (Juffer et al., 2015) that was adapted for twin families (Euser et 
al., 2016). The manual describes the structure, themes, tips, and exercises for parent 
and children for each session. Every session starts with videotaping approximately 
15 minutes of standardized parent-child interactions, such as playing or reading a 
book together (Van Zeijl et al., 2006). 
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Between sessions, the intervener prepares comments on the child’s or parent’s 
behavior based on the theme of the next session and selects illustrating video 
fragments. In the next session, after new video material is collected, the intervener 
reviews the video of the previous session with the parent and gives video feedback 
on the selected video fragments. The focus of this feedback period, is on positive 
and successful interaction moments and the intervener indicates when positive 
parenting is effective. The parent is explicitly acknowledged as the expert on her 
own child. The first four intervention sessions each have their own themes with 
respect to sensitivity and sensitive discipline (Juffer et al., 2008). Subsequently, the 
four themes focus on exploration versus attachment behavior, perception of the 
child’s signals, the importance of prompt and adequate responding to child’s signals 
and sharing emotions. The final session is a booster session, in which the previous 
themes are repeated and integrated. The parents’ partner is invited to participate in 
the final session (for details, see Euser et al., 2016 and Juffer et al., 2015). 
Control condition.
To ensure the same number of contact for all participating families, a control 
condition is implemented. During the same period as the intervention sessions, a 
research assistant will make six phone calls to families in the control condition. The 
subject of phone calls will be general development of the twins in a semi-structured 
interview format. However, families do not receive any specific information or 
advice about parenting or child development (e.g., Van Zeijl et al., 2006).
Measures
Primary aim. Our primary aim is to investigate intervention effects on two 
neurocognitive processes. First, we will examine whether the intervention affects 
the neural processing of children’s emotional faces as reflected in the N170, an ERP 







from participants’ electroencephalographic (EEG) activity recorded during a 
face processing paradigm. Participants’ EEG will be acquired using 129-channel 
hydrocel geodesic sensor nets with the NetAmps300 amplifier and NetStation 
software (Electrical Geodesics, Inc.; EGI). While their EEG is recorded, participants 
will view pictures of children’s faces with a happy, angry or neutral expression. 
Pictures were selected from the Child Affective Facial Expression (CAFE) set (LoBue 
& Trasher, 2015), a validated set of 2- to 8-year-old children’s faces. To make sure 
that child identity would not vary across emotional categories, we included only 
pictures of children who had validated pictures for all 3 emotions of interest (n = 16 
children). During the face processing paradigm, each of the 48 selected faces (i.e. 16 
happy, 16 angry and 16 neutral) is presented 3 times in quasi-random order (with 
the restriction that the same condition cannot occur more than four times in a row), 
resulting in a total of 144 trials (i.e. 48 happy, 48 angry and 48 neutral). Every trial 
starts with a fixation cross (duration: 800-1200ms, varying randomly) followed by 
the stimulus, that is presented for 1000 ms. Every 24 trials, ten-second blink-breaks 
were inserted so participants could rest their eyes. In every set of 24 trials (varying 
randomly between the fifth and twentieth trial), participants are asked about the 
gender of the child in the previously presented face, to keep participants engaged 
in the task. 
Second, we will examine whether the intervention affects neural activity underlying 
inhibitory control as reflected in the N2, an ERP component implicated in response 
inhibition (Folstein & van Petten, 2008). The N2 will be quantified from participants’ 
EEG activity recorded (see above) during a stop signal task. During the stop-signal 
task, participants are presented with a “go”-signal, a green arrow pointing left or 
right (presented on an black background) that requires a response (pressing the 
corresponding button on a response pad). On some trials, a “stop”-signal, a red 
arrow (pointing in the same direction as the preceding green arrow) is presented 
after the go-signal, and participants should withhold (i.e. inhibit) the response. Every 
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trial starts with a white fixation cross (duration: 800-1200ms, varying randomly) 
presented on a black screen followed by a green arrow.In a random 25 percent of 
the trials, the go-stimulus is followed by the red arrow. Presentation duration of the 
green arrow is 15000 ms on go-trials (i.e., no stop-signal is presented) and varies on 
stop trials depending on the participant’s performance. The duration equals 250 ms 
at the start of the task and is increased with 50 ms after every successful inhibition 
and shortened with 50 ms after every unsuccessful inhibition. The task thus becomes 
more difficult when participants successfully inhibit their responses and less difficult 
when inhibition is unsuccessful. The stop signal task consists of 400 trials in total, of 
which 100 are stop-trials. 
Secondary aim. Our secondary aim is to test if the intervention effects on parenting 
behavior are mediated by changes in the N170, the N2, and the stress hormone 
cortisol. To measure cortisol, hair samples (i.e. approximately 100 strands) will be 
collected during both parent assessments, thus before and after the intervention. 
Hair strands are collected at the posterior vertex, as close to the scalp as possible 
(e.g. Groeneveld et al., 2013; Rippe et al., 2016). Samples are taped to a paper on 
which the scalp end is marked. The samples are packed in tinfoil and stored at room 
temperature until analysis. Hair is a valid and non-invasive tool to measure total 
cortisol release over a longer period of time (Rippe et al., 2016; D’Anna-Hernandez, 
Ross, Natvig, & Laudenslager, 2011; Hoffman, D’Anna-Hernandez, Ross, Natvig, & 
Laudenslager, 2013) and has been used to determine cortisol levels in both adults 
and children (Groeneveld et al., 2013; Hoffman, Ross, & Laudenslager, 2014; Braig 
et al., 2015). 
Parenting behavior is operationalized as parental sensitivity and sensitive discipline. 
Parental sensitivity is assessed during free play and structured play situations 
and discipline is assessed during a compliance task. During the compliance task 
the parent is asked to instruct the child to do something he or she does not like 







Bakermans-Kranenburg, van IJzendoorn, 2012; Kok et al., 2013). All parent-child 
interaction tasks are videotaped and trained coders will code the videos for parental 
sensitivity and sensitive discipline. For coding purposes, the Erickson 7-point rating 
scale for Supportive Presence and the 7-point rating scale for Intrusiveness will 
be used (Egeland, Erickson, Clemenhagen-Moon, Hiester, Korfmacher, 1990). To 
prevent coder drift, regular meetings will be organized to discuss videos to obtain 
intercoder reliability ICC > .65, Pearson’s r > .70. Aggregated measures across ratings 
and settings will be constructed for each parenting construct.
Tertiary aim. For our third aim, we will examine whether intervention effects are 
moderated by patterns of asymmetric frontal cortical activity. Participants’ EEG 
activity will be recorded during four periods of ‘rest’: Sitting in a comfortable chair 
facing a computer screen in a dimly lit room, participants will be asked to “just relax” 
and keep their eyes focused on a fixation cross (as much as possible) presented on 
the computer screen. After two minutes, participants are asked to close their eyes for 
two minutes. This sequence of resting measures will be conducted before starting 
and after ending of the face processing and stop signal tasks, resulting in 8 minutes 
of resting EEG recordings. Differences in power in the EEG alpha band (8-12 Hz) over 
the left and right frontal cortex (right-left) will be computed to quantify asymmetric 
frontal cortical activity (e.g., Huffmeijer et al., 2012). 
Statistical analyses
Initial data analysis with data inspection steps will be carried out after the research 
plan and data collection have been completed but before formal statistical analyses 
are conducted (Huebner, Vach, le Cessie, 2016). We will apply range checks for data 
values, to check data quality. It will be tested whether missing data are completely 
at random, at random, or not at random (Little & Rubin, 2002), and multiple 
imputation procedures will be applied to impute missing data. Data transformation 
will be applied when necessary to approach normal distribution of data points 
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(Tabachnick, Fidell, & Ullman, 2007). To avoid any inflation of statistical tests, we 
are not planning to examine any interim data-sets. For all aims, the effect of the 
intervention compared to the control condition will be analyzed using intent to treat 
analyses. For the primary aim, we propose a repeated measures model to estimate 
the intervention effect on N170 and N2 with experimental condition as between 
subjects factor and assessment time-point as within subjects factor. The regression 
coefficient of the interaction between condition and time-point estimates differential 
neural activity changes between the intervention and control groups over time. For 
our secondary aim, exploring mechanisms of intervention effects, we will use the 
Montoya & Hayes approach (Montoya & Hayes, 2017) in a multilevel or repeated 
measures design to test for intervention effects on neurocognitive variables and 
examine whether these neurocognitive changes mediate the observed changes in 
parenting behavior. For our third aim, examining the moderation of the intervention 
effect, we will include a moderator term in the model. 
Data management and ethics
Data will be handled strictly confidentially. Data will be stored in the storage 
environment of the universities Computing Centre in Leiden. Information security 
is treated in accordance with the International Security Code. Based on European 
legislation, personal information and data are processed conform the Dutch Personal 
Information Protection Act and Dutch Personal Data Protection Act. Data and 
biological specimen is linked to the subject by using a separate subject identification 
code. Subject are not personally identifiable in scientific communications. Currently, 
we do not have ethical permission to share data. Only the formal research team, that 
includes principal investigators, post-docs and PhD-students will have access to the 
final trial dataset. All research team members signed an agreement of confidentiality. 
The L-CID trial is embedded in the larger national Consortium on Individual 







universities. CID composed an international scientific advisory board for advice on 
and supervision of the research program, and a supervisory board to whom our 
research team reports at least annually. 
The research protocol received ethical approval by the Central Committee on 
Research Involving Human Subjects in the Netherlands (CCMO; NL49069.000.14). An 
additional informed consent for the current two assessments was obtained before the 
first assessment, from all participants. Participants were reminded that participating 
in the trial is voluntary, that their data are stored anonymously and securely and that 
they can withdraw from the study at any time, without consequences. All consent 
forms and related documentation given to the participants were approved by the 
CCMO and can be requested from the authors. Name and contact information of an 
independent expert (a MD and professor in child and adolescent psychiatry) who 
will be available during the trial for questions from participants is included in the 
information for the participants. 
The VIPP has been used in twelve previous RCTs, including more vulnerable 
populations (Juffer et al., 2016; Juffer et al., 2017). As there are no reported risks 
associated with the intervention, there are no criteria for discontinuing the 
intervention, except on the basis of participants’ own requests (see Euser et al., 2016 
as well). Concomitant care during the trial is not prohibited, but we will use an 
inventory about previous or concurrent experiences with video-feedback or other 
types of preventive care, such as parent training or well-baby clinics. Trial results 
will be communicated to participants using newsletters about the trial and to 
professionals in the form of (popular) journal articles and professional or scientific 
conferences. Authorships for journal articles will be determined based on the APA-
guidelines and recommendations from the International Committee of Medical 
Journal Editors. The trial is registered in the Netherlands Trial Registry (NTR; Trial 
ID: NRT5312, Date registered: January 3, 2017). Any protocol modifications or plans 
for ancillary studies will be reported to the NTR, CCMO and this journal, and 
additional informed consent will be obtained from participants. 
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Discussion
The current protocol presents a study design of a randomized controlled trial in 
which we aim to investigate neural and hormonal mechanisms that may be involved 
in the intervention effects of the VIPP on parenting behavior. More specifically, we 
hope to gain insight in the mediating mechanisms through which intervention effects 
on parenting behavior are brought about. So far, research shows that the VIPP is 
effective in enhancing parental sensitivity, however the neurocognitive mechanisms 
involved in enhanced parenting sensitivity remain largely unknown. The results 
will provide fundamental insight into parenting behavior and intervention efficacy. 
Strengths and limitations
The study has several strengths, such as random assignment to condition, the 
golden standard to test intervention effects, and the neurobiological and behavioral 
assessments of mediating, moderating and outcome variables. The VIPP-SD 
program is firmly rooted in the well-validated attachment theory and social learning 
theory (Juffer et al., 2008), and has been proven to be effective in enhancing parental 
sensitivity in a series of randomized controlled trials in several countries (Juffer 
et al., 2016; Juffer et al., 2017). The pretest posttest control group design provides 
maximum power to trace intervention effects and its mediators. The study has some 
limitations as well, such as multiple interveners between families who carry out the 
intervention. This may introduce variability in intervention efficacy. However, by 
using a standardized manual and extensive training prior and supervision during 
the intervention we expect to limit possible intervention divergences. Another 
possible limitation is that we test parents of twins and therefore the results may be 
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VIPP-SD effects on maternal neural face processing
Abstract
Parenting interventions have proven to be effective in enhancing positive parenting 
behavior and child outcomes. However, the neurocognitive mechanisms explaining 
the efficacy remain largely unknown. We tested effects of the Video-feedback 
Intervention to promote Positive Parenting and Sensitive Discipline (VIPP-SD) on 
mothers’ neural processing of child faces. Our primary focus was on the N170 and the 
secondary focus on the LPP. We expected the intervention to enhance the amplitudes 
of both ERP components in response to emotional compared to neutral faces. A total 
of 66 mothers visited the lab for two identical sessions separated by 4.28 months (SD 
= 0.86) during which a random 33% of the mothers received the VIPP-SD. During 
both pre- and post-intervention sessions, mothers’ electroencephalographic (EEG) 
activity in response to photographs of children’s neutral, happy and angry facial 
expressions was acquired. In contrast to our expectations, we found smaller (less 
negative) N170 amplitudes at post-test in the intervention group. There was no 
intervention effect on the LPP, although overall LPP amplitudes were more positive 
for neutral and angry compared to happy faces. Our study shows that the N170 is 
affected by the VIPP-SD, suggesting that the intervention promotes efficient, less 
effortful face processing.
Trial registration: Dutch Trial Register: NTR5312 ; Date registered: January 3, 2017.
Keywords: ERP, N170, RCT, parenting, intervention, face processing
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Background
Positive parenting behavior, resulting in positive parent-child interaction, is widely 
recognized as an important contributor to child development, whereas negative 
parenting experiences may be detrimental. Clinical and non-clinical studies 
investigating parent characteristics and child behavior led to the development 
of several effective parenting interventions, for example the Attachment and 
Biobehavioral Catch-up (ABC) intervention, Triple P, Incredible Years, and the Video-
feedback Intervention to promote Positive Parenting (VIPP). The latter has received 
several additions tailored for various populations (e.g. clinical groups) and settings 
(e.g. child care), including an addition focused on Sensitive Discipline (VIPP-SD) 
for parents with young children. According to a meta-analysis of 12 randomized-
controlled trials in various populations, the VIPP-SD is effective in enhancing 
parental sensitivity and sensitive discipline (combined effect size of d = 0.47) and has 
smaller but long lasting effects on child outcomes (Juffer, Bakermans-Kranenburg, & 
Van IJzendoorn, 2016). Although it is assumed that intervention effects result from 
changes in (neuro)cognitive processes, studies investigating mediation of changes in 
parenting behavior in non-clinical samples are surprisingly scarce. Here we present 
an experimental study with randomized assignment of families to a parenting 
intervention or control condition, and neurocognitive processing of emotional child 
faces as outcome. 
The primary focus of our study is on the N170, an event related potential (ERP) 
component reflecting the neural processing of faces, as one of the potentially 
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on parenting. In a pioneering study by Bernard, Simons, and Dozier (2015) effects of 
an attachment-based intervention on the N170 were found in a high-risk sample of 
Child Protective Services (CPS) referred mothers. Bernard and colleagues reported 
that, similar to low-risk control mothers, the CPS-referred mothers who received 
the ABC-intervention showed stronger (i.e. more negative) N170 amplitudes in 
response to emotional versus neutral child faces, whereas CPS-referred mothers 
who did not receive the ABC-intervention did not differentiate between emotional 
and neutral faces. It was concluded that the intervention resulted in enhanced N170 
amplitudes for emotional over neutral faces reflecting the capacity to distinguish, on 
a neural level, between emotional child signals (that may require prompt parental 
responses) and neutral child signals. Unfortunately, pre-intervention N170 data were 
not available, which limits any conclusions about causal changes and directions of 
effects. Nevertheless, the study provides a valuable hypothesis to examine the N170 
as a potential neurocognitive factor affected by parenting interventions.
Attachment-based interventions and processing faces 
Similar to the ABC-intervention developed by Mary Dozier and the Infant Caregiver 
Lab (2006), the VIPP-SD aims at enhancing parental sensitive interactions with their 
children and at the same time stimulating consistent but gentle parental limit setting 
(Juffer, Bakermans-Kranenburg, & Van IJzendoorn, 2008; 2017). Ainsworth, Bell and 
Stayton (1974) defined parental sensitivity as the ability to accurately perceive and 
interpret child signals and respond in a prompt and adequate way. In other words, 
basic perception and processing of children’s emotional signals guide and modulate 
sensitive parenting responses. Parental sensitivity is an important predictor of 
attachment security (De Wolff, & Van IJzendoorn, 1997; Bakermans-Kranenburg, Van 
IJzendoorn, & Juffer, 2003) that is in turn related to a variety of positive child outcomes 
(Fagot, 1997; Sroufe, 2005). The VIPP-SD is rooted in attachment theory (Bowlby, 1982, 
1988), as well as in Patterson’s (1982) social learning theory, in particular coercion 
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theory aimed to prevent or break coercive parent-child cycles. To promote sensitive 
parenting the VIPP-SD covers four themes: Exploration versus attachment behavior, 
Speaking for the Child, Sensitivity Chain and Sharing Emotions. For enhancing sensitive 
discipline, the four themes Inductive discipline and distraction, Positive Reinforcement, 
Sensitive Time-out and Empathy for the child are addressed. In accordance with the 
definition of parental sensitivity, the themes focus on parents’ ability to perceive, 
evaluate and respond to the (emotional) signals of their children. As faces display 
emotionally relevant information (Zebrowitz, 2006), facial expressions constitute 
an important channel for communicating emotions, intentions, and needs. Women, 
and mothers in particular, show preferential attention for infant faces (especially 
when they display distress), compared to faces of children, adolescents, and adults 
(Thompson-Booth et al., 2014a; 2014b). Interestingly, faces of young children demand 
preferential attention compared to adolescents and adult faces but only when they 
display distress (Thompson-Booth et al., 2014a), suggesting that emotional signals 
communicated via faces may be of particular relevance in young childhood. Taken 
together, facial expressions play a prominent role in communication, therefore the 
VIPP-SD program may affect the neural processing of emotional faces as reflected 
in the N170.
ERP and parenting
Given their excellent temporal resolution, ERPs can provide insight into early 
automatic as well as later, more controlled processes contributing to the perception 
and evaluation of child signals (see Maupin, Hayes, Mayes, & Rutherford, 2015 for a 
review). The N170 is a negative-going potential peaking approximately 170 ms after 
stimulus onset, and it is thought to reflect early stages of processing and encoding 
face configuration (Bentin, Allison, Puce, Perez, & McCarthy, 1996; Botzel, Schulze, 
& Stodieck, 1995; Yovel, 2016). The N170 is distributed over the occipito-temporal 
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facial expressions, with stronger (i.e. more negative) N170 amplitudes for emotional 
compared to neutral faces (see Hinojosa, Mercado, & Carretié, 2015 for a meta-
analysis). However, findings regarding effects of emotional valence on the N170 are 
inconsistent (Eimer, & Holmes, 2002; Noll, Mayes, & Rutherford, 2012; Malak, Crowley, 
Mayes, & Rutherford, 2015; Rutherford, Maupin, Landi, Potenza, & Mayes, 2017). 
With respect to parents’ N170 responses to affective infant faces, Rodrigo and 
colleagues (2011) reported that neglectful mothers did not show neural differentiation 
between pictures of neutral, happy and crying infants whereas control mothers did, 
with crying eliciting the strongest N170 amplitudes. Similar findings were reported in 
the study by Bernard et al (2015) in which CPS-referred mothers who did not receive 
the ABC-intervention showed similar N170 amplitudes to emotional and neutral 
faces, whereas CPS-referred mothers who received the ABC-intervention and low-
risk control mothers showed stronger N170 amplitudes for emotional compared to 
neutral faces. Moreover, they found that stronger N170 amplitudes for emotional 
compared to neutral faces were associated with higher parental sensitivity scores, 
suggesting that differentiated neural processing of important child signals plays a 
role in sensitive parenting behavior and may be affected by a parenting intervention. 
Besides relatively early, automatic processing of emotional faces, later, more 
controlled processes of allocating attentional resources and evaluating emotional 
signals may also be relevant. Such processes may be indexed by the Late Positive 
Potential (LPP). The LPP is a positive going modulation of ERP amplitude starting at 
about 400 ms after stimulus onset and lasting several hundreds of milliseconds, that 
is best measured at the centro-parietal electrode sites (Hajcak, Dunning, & Foti, 2009; 
Hajcak, MacNamera, & Olvet, 2010). The LPP is thought to reflect the allocation 
of attentional resources for the evaluation of the emotional content of stimuli. LPP 
amplitudes are larger (i.e. more positive) for pleasant, emotionally positive and 
unpleasant, emotionally negative, compared to neutral stimuli (Cuthbert, Schupp, 
Bradley, Birbaumer, & Lang, 2000; Pastor et al., 2008; Hajcak, Dunning, & Foti, 
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2009). Compared to less arousing pictures, LPP amplitudes are found to be larger 
for highly arousing affective pictures (Schupp et al., 2000) and LPP amplitude is 
positively related to subjective judgments of emotional stimuli (Cuthbert et al., 2000; 
Yen, Chen, & Liu, 2009). With respect to parents’ LPP amplitudes in response to 
children’s emotional displays, LPP amplitudes were found to be stronger in response 
to crying compared to neutral infant pictures across a group of low-risk control 
mothers and neglectful mothers (Rodrigo et al., 2011). However, neglectful mothers 
showed an overall attenuation of LPP amplitude in response to all three emotion 
categories, suggesting that neglectful mothers allocate less attentional resources 
to infant emotions than control mothers do. Similarly, CPS-referred mothers who 
received the ABC-intervention showed stronger LPP amplitudes in response to 
emotional (i.e. both crying and laughing) versus neutral faces, comparable to low-
risk control mothers, although these mothers showed the strongest LPP amplitudes 
in response to crying faces (Bernard et al., 2015). In contrast, CPS-referred mothers 
who did not receive the ABC-intervention did not show differentiated LPP responses 
to emotional and neutral faces, suggesting that mothers who neglect their children 
differ in (attentional) resource allocation to emotional child cues. Furthermore, in 
a sample of (foster) mothers, LPP amplitudes were found to be larger in response 
to pictures of their own children, whether or not biologically related, compared to 
familiar children, unfamiliar children, familiar and unfamiliar adults (Grasso, Moser, 
Dozier, & Simons, 2009), suggesting that parenting experiences and one’s history of 
parent-child interaction may influence resource allocation to child-related stimuli. 
Taken together, both the N170 and the LPP are promising candidates that may be 
affected by the VIPP-SD intervention program. 
Current study
The study protocol of the current study was registered (Kolijn et al., 2017). 
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provide justification for deviating from the registration. In the current randomized-
controlled trial including pre- and post-intervention measures, our registered 
primary aim was to test whether the intervention affected parents’ N170 amplitudes 
in response to happy, angry and neutral children’s faces. Compared to a control 
group, we expected the intervention group to exhibit stronger N170 amplitudes 
(i.e. more negative) in response to children’s emotional facial expressions after the 
intervention. Our unregistered secondary aim was to examine intervention effects 
on the LPP with the expectation of stronger LPP amplitudes (i.e. more positive) in 
response to emotional faces in the intervention group at post-test. 
Method
Participants 
The current study is part of the Leiden Consortium on Individual Development 
project (L-CID), a longitudinal intervention study in which families with same-sex 
twins participate (Euser et al., 2016). Within the L-CID study, 40% of the sample 
was randomly assigned to the VIPP-SD and 60% to the control condition by using 
a computer-generated blocked randomization sequence with a ratio of 2:3 stratified 
on gender of the parents. From the total L-CID sample, we randomly selected 
intervention and control mothers with a ratio of 1:1 for the current study (see 
Kolijn et al., 2017 for details on the study design and randomization). A total of 119 
families were invited and 66 of them (55%) were eligible and willing to participate 
(see Supplementary materials Figure 1). Inclusion criteria for the current study 
were absence of neurological or psychiatric diseases and no use of psychoactive 
medication. In the pre-test, 66 mothers (22 intervention and 44 control) with a mean 
age of 37.95 years (SD = 4.31) participated (Table 1). Good quality ERP data was 
obtained from all participants at pre-test. Missing post-test data was imputed with 
46
their pre-test data for participants who did not participate in the post-test (n = 6) or 
provided an insufficient amount of artifact-free EEG data (n = 1). All participants 
were mothers of typically developing same-sex twins (Mage twins = 5.30, SD = 
0.60, range: 4.54 – 7.17 years, 52% girls). The majority of them were married (68%), 
highly educated (77%) and born in the Netherlands (92%). Included families (n = 
66) did not differ (all ps ≥ .10) from families who did not meet the inclusion criteria 
or declined to participate (n = 53) regarding background variables (i.e. marital 
status, education, family SES, twin gender and twin zygosity). The two assessments 
of the current study were added to the larger L-CID intervention study when the 
latter was ongoing and running for 2 years. As the current study includes a pre-
intervention assessment, only families who were not yet randomized to either the 
intervention or control condition in the L-CID study were invited to participate in 
the current study (n = 119) of which not all families were willing and/or eligible (n 
= 53; see Supplementary Figure 1). Therefore, our sample size deviates from the 100 
participants we aimed for as registered in the study protocol.








M (SD) M (SD) M (SD) t   (df)
Age mother 37.95 (4.31) 37.64 (4.23) 38.10 (4.38) -.41 (64)
Age twins 5.30 (0.60) 5.23 (0.65) 5.33 (0.58) -.63 (64)
LCM  – T2 4.13 (3.51) 4.96 (5.35) 3.75 (2.20) 0.95 (21)
BSI total score 26.54 (5.20) 24.46 (4.29) 27.58 (5.34) -2.38 (64)*
% % % χ²   (df)
High SES 56 59 55 0.20 (2)
Single parent 5 5 5 1.60 (3)
Twin girls 52 50 52 0.03 (1)
MZ twins 58 68 52 1.52 (1)
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Procedure
Participants were invited to the EEG lab at Leiden University for two identical 
sessions of 1.5 hours each (Kolijn et al., 2017). The sessions were separated by 
approximately 4 months (M = 4.28, SD = 0.86, range: 2.99 – 6.67 months), and in 
between the two sessions the families received either the VIPP-SD (Juffer et al., 2008) 
or a control ‘dummy’ intervention. During both sessions, the participants completed 
a face-processing paradigm and a stop signal task during which their EEG was 
recorded. Additionally, an emotion recognition task was completed (data will be 
reported elsewhere). Two research assistants who were blind to the participants’ 
condition assignment collected the data. At the start of the first session participants 
signed informed consent. After each session, participants received €20 as a financial 
reimbursement and their travel-expenses were compensated. The study was 
approved by the Institutional Review Board of Leiden University’s Institute of 
Education and Child Studies and by the Central Committee on Research Involving 
Human Subjects in the Netherlands (CCMO; NL49069.000.14). 
Intervention Program
The Video-feedback Intervention to promote Positive Parenting and Sensitive 
Discipline (VIPP-SD; Juffer et al., 2008) is rooted in attachment theory and social 
learning theory with the aim to enhance parental sensitivity and sensitive discipline 
by training parents to adequately perceive, interpret and respond to emotional child 
cues. The VIPP-element targets enhancing parental sensitivity, while the SD-element 
targets coping with challenging behavior by ignoring negative child behavior and 
reinforcing positive child behavior. Especially this latter component is particularly 
suited for our sample of parents with young children (Juffer et al., 2017). For the 
L-CID study, the VIPP-SD manual was adapted for families with twins using age-
appropriate tasks and observations (see Euser et al., 2016 for details). All interveners 
were extensively trained by certified VIPP-trainers in using the twin-adapted VIPP-
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SD version 3.0 manual (Juffer, Bakermans-Kranenburg, & Van IJzendoorn, 2015). 
To address the twin element, all interveners received an additional training that 
included practice visits in pilot families. The intervention consists of 1 start-up 
home visit followed by 5 biweekly home visits in which parent-child interactions are 
filmed and videos of the preceding home visit are reviewed. In between sessions, the 
intervener reviews the video and prepares the feedback. Feedback is characterized 
by providing positive feedback and emphasizing that the parent is the expert on 
his or her own child. The number of VIPP-SD visits completed by the intervention 
group was on average 5.63 (SD = 0.96). The time between the last VIPP-SD visit and 
the post-test was on average 4.96 (SD = 5.34).
Control condition
Participants in the control condition were contacted 6 times by phone. During these 
phone calls, trained research assistants asked about the general development of 
the twins using semi-structured interviews following a standardized protocol. The 
number of phone calls completed by the control group was on average 5.89 (SD = 
0.32) and did not differ from the number of VIPP-SD visits in the intervention group 
(t (20) = –1.14, p = .27). Furthermore, the time window between the last phone call 
and the post-test was on average 3.75 weeks (SD = 2.20) and did not differ from the 
time between the last VIPP-SD visit and post-test in the intervention group (t (21) = 
0.95, p = .35).
Experimental task
Stimuli. Stimuli were selected from the validated Child Affective Facial Expression 
database (CAFE; LoBue, 2014) that contains full-color photographs of young 
children (face only) expressing a variety of emotional facial expressions. The 
children in the CAFE set (age 2 – 8 years) are approximately the same age as the 
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sample were Caucasian we selected the ‘White’ subset of the CAFE set. We included 
one positive emotion (i.e. happy), one negative emotion (i.e. angry) and one neutral 
facial expression to keep the emotion categories balanced (i.e. one positive and one 
negative). The choice to include angry as the negative emotion was based on the 
content of the VIPP-SD in which sensitive discipline, coping with difficult child 
behavior such as angriness, is targeted. To avoid confounding emotion with child 
identity, we initially selected only pictures of children for whom all three facial 
expressions were reported as valid by LoBue and Thrasher (2015), which was the 
case for pictures of 22 children (10 girls and 12 boys). We matched the selected 
photographs on size and luminosity. To select our final set of stimuli, a convenience 
sample of 16 faculty members of Leiden University (Mage = 29.06, SD = 6.07, 88% 
female) rated emotion, quantified on a 600-point visual analog scale (VAS) ranging 
from -300 = “angry” to 300 = “happy”, and gender (choice between boy and girl) 
of these 66 stimuli (i.e. pictures of 22 children’s neutral, happy, and angry facial 
expressions). We selected the photographs of those 16 children that were consistently 
rated as boys (n = 9) or girls (n = 7) by all participants and for whom the angry 
expression received an average rating smaller than or equal to -100, the neutral 
expression received an average rating between -90 and 90, the happy expression 
received an average rating equal to or larger than 100, and the difference in intensity 
of the angry and happy expressions (i.e., |Angry| - Happy) did not exceed 60 points. 
Face processing paradigm. All pictures were presented 3 times in a quasi-random 
order (with the restriction that the same emotion could not occur more than 4 
times in a row) on a black background on a computer monitor in a dimly lit, sound 
attenuated room. As a result, the face processing paradigm consisted of 144 trials 
(i.e. 16 children x 3 facial expressions x 3 presentations). Trials started with a white 
fixation cross on a black screen (duration varied randomly between 800 and 1200 
ms) after which a picture (6.60x8.10° visual angle) was presented for 1000 ms. After 
every 24 trials, participants were offered a 10-second break to rest their eyes. To 
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maintain participants’ attention, participants were asked once during every block 
of 24 trials (varying randomly between the 5th and 24th trial) to indicate the gender 
of the child in the picture by a button press. The majority (86%) of the sample 
answered all gender questions correctly (the remaining 14% answered 1 gender 
question incorrectly), and accuracy did not differ between the intervention (M = 
5.86 correct answers, SD = 0.35) and control group (M = 5.86 correct answers, SD = 
0.35). Participants were instructed not to move and to look straight at the screen. The 
paradigm took about 8 minutes to complete.
ERPs
While participants viewed the photographs, their EEG was recorded using NetStation 
software and 129-channel Hydrocel Geodesic Sensor Nets (Electrical Geodesics, Inc.). 
The signal was amplified using a NetAmps300 amplifier, low-pass filtered at 200 Hz, 
and digitized at a rate of 500 Hz. Cz was used as the reference during recording. 
Impedances were kept below 50kΩ. A 0.3 Hz high-pass filter (99.9% pass-band 
gain, 0.1% stop-band gain, 1.5 Hz roll-off) was applied before data was exported 
to be further processed using Brain Vision Analyzer 2.0 software (Brain Products 
GmbH). A 30 Hz low-pass filter (-3 dB, 48dB/octave) was applied, and data were 
rereferenced to the average of activity in all 129 channels. Consecutively, data were 
cut into 1200 ms segments extending from 200 ms before to 1000 ms after stimulus 
onset. Segments were corrected for ocular artifacts using independent component 
analysis (ICA). Segments containing residual ocular artifacts were removed if the 
difference between the maximum and minimum activity in the left (el. 25 – el. 127) 
and right (el. 8 – el. 126) eye channels was larger than 100 μV within any 200 ms 
window or if activity in the horizontal eye channel (el. 125 – el. 128) was larger 
than 60 μV within any 200-ms window. Individual channels were removed from 
a segment when the difference between the minimum and maximum activity was 






VIPP-SD effects on maternal neural face processing
an average ERP waveform was created for every emotion (i.e. neutral, happy and 
angry). A minimum of 10 artifact-free trials per emotion per participant was required 
for inclusion in analyses (the minimum required to reliably calculate a N170, see e.g. 
Huffmeijer, Bakermans-Kranenburg, Alink, & Van IJzendoorn, 2014). For the pre-test 
(n = 66), participants contributed on average 45 (SD = 5.74, range: 23 – 48), 44 (SD = 
5.86, range: 21 – 48) and 45 (SD = 5.39 range: 23 – 48) artifact-free trials in response to 
neutral, happy and angry stimuli respectively without existing differences between 
the intervention and control group (all ts ≤ 1.64, all ps ≥ .11). For the post-test (n = 60; 5 
did not participate in the post-test and one participants’ session was aborted), these 
numbers were 44 (SD = 7.52, range: 6 – 48), 44 (SD = 7.88, range 9 – 48) and 44 (SD = 
7.30, range 7 – 48) without differences between the intervention and control group 
(all ts ≤ 1.46, all ps ≥ .15). For the single participant who did not provide sufficient 
artifact-free data at post-test, post-test ERP amplitudes were imputed (as were 
missing data; see below under ‘Analyses’).
As registered in the study protocol, our primary focus was on the N170, which we 
quantified using a mean amplitude measure (see below). During the N170 analyses 
the data suggested involvement of the preceding peak, the P1, and we decided to 
additionally calculated a peak-to-peak N170 measure in order to control for possible 
confounding effects of the preceding peak. We also decided to test for intervention 
effects on the P1 to investigate potential involvement of the P1 (reflecting early 
automatic visual processing; Gomez Gonzalez, Clark, Fan, Luck, & Hillyard, 1994; 
Luck, 2014). Thus, we quantified the N170 (mean amplitude [as registered], and peak-
to-peak amplitude [data driven]), the P1 (data driven) and the LPP (theory driven). 
 Time windows and electrodes for quantification of ERP components were 
selected based on a-priori considerations and inspection of grandaverage waveforms 
(i.e. the ERP averaged across groups, conditions and sessions). A recent study, run in 
the same laboratory, using the same equipment and highly similar stimuli and task 
design (Huffmeijer, Eilander, Mileva-Seitz, & Rippe, 2018) quantified P1 amplitude 
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as the average voltage within the 96-124 ms time window across electrode sites 70 
(O1), 75 (Oz), and 83 (O2), and N170 amplitude as the average voltage within the 
132-162 ms time window across electrode sites 58 (T5), 64, and 65 (left N170), and 
90, 95 and 96 (T6; right N170). Our data showed very similar scalp topographies 
(largest P1 amplitudes at electrode sites 70, 75 and 83 and largest N170 amplitudes 
at electrode sites 58 [T5], 64, 65 [left] and 90, 95 and 96 [T6; right]; see Figure 1), but 
components peaked several milliseconds later. We thus quantified P1 amplitude as 
the average voltage within the 98-126 ms time window across electrode sites 70, 75, 
and 83, and the N170 as the average voltage within the 138-168 ms time window 
across electrode sites 58, 64, and 65 (left N170), and 90, 95 and 96 (right N170).
To compute peak-to-peak measures of N170 amplitude, the N170 peak and preceding 
positive peak were detected automatically using BVA 2.0 as local minimum within 
the 128 – 178 ms window and local maximum within the 88 – 136 ms window 
respectively on channels 58, 64, and 65 (left), and 90, 95 and 96 (right). The amplitude 
of the positive peak was subtracted from the amplitude of the negative peak and the 
resulting values were averaged across the three left and right channels, resulting in 
peak-to-peak measures of left and right N170 amplitude.
The LPP is a positive going modulation of ERP amplitude, distributed over centro-
parietal areas that starts at about 400 ms after stimulus onset and lasts several 
hundreds of milliseconds (Hajcak et al., 2009; Pastor et al., 2008). After 400 ms, 
our grandaverage ERP clearly showed the most positive amplitudes over centro-
parietal areas (see Figure 1), and we quantified the LPP as the average voltage across 
electrode sites 59, 60, 61, 62 (Pz), 66, 67, 71, 72, 76, 77, 78, 84, 85, and 91 in the 400 – 800 
ms time window.
Brief Symptom Inventory
As an indication of self-reported psychopathological symptoms, parents filled out 
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items, answered on a 5-point Likert scale ranging from 1 “not at all” to 5 “extremely” 
covering the scales Depression (6 items), Anxiety (6 items), Hostility (5 items) and 
Interpersonal Sensitivity (4 items). A total score over the 21 items (Chronbach’s α = 
.89) was used as indicator of psychopathological symptoms. BSI data was collected 
yearly and for the current study BSI data from the second year of the study was 
included as that assessment was closest to the EEG-measures. For participants with 
missing BSI data in year two we estimated their scores by using the regression 
weights of their BSI total scores collected in the first year (n = 9). After winsorizing 
(Tabachnick & Fidell, 2013) one outlier (z = 4.81) BSI total score data were normally 
distributed (|skewness and kurtosis| ≤ 1). The control group (M = 27.58, SD = 5.34, 
range: 21 – 41.25) scored somewhat higher on BSI than the intervention group (M = 
24.46, SD = 4.29, range: 21 – 35; t (64) = –2.38, p = .02; see Table 1). Therefore, BSI total 
score was included as covariate in our analyses.
Analyses
Post-test data of seven participants were missing (3 in the intervention group [2 
missed the post-test and 1 did not feel well and the session was aborted] and 4 in 
Figure 1. Scalp topography of the P1 (left), the N170 (middle) and the LPP (right).
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the control group [3 missed the post-test and 1 did not meet the requirement of 10 
artifact-free trails]). Following the Intent To Treat (ITT) approach, we carried the last 
observation forward (i.e. pre-test data) for these seven participants. Furthermore, 
one participant reported use of psychoactive medication after finishing data 
collection, but following the ITT approach she was included in the analyses. 
 Effects on the N170 were assessed using repeated measures analyses of 
covariance   (RM-ANCOVA)  with N170 amplitude as dependent variable. The 
within-subject factors were time (2 levels: pre- and post-test), emotion (3 levels: 
neutral, happy and angry), and laterality (2 levels: left and right), the between-
subjects factor was experimental condition (i.e. intervention or control group) 
and the BSI total score was included as covariate. Effects on the P1 and LPP 
were analyzed using two RM-ANCOVAs, one with P1 amplitude and one with 
LPP amplitude as dependent variable. The within subject factors were time (2 
levels: pre-test and post-test) and emotion (3 levels: neutral, happy and angry), 
the between-subjects factor was experimental condition (i.e. intervention or 
control group) and the BSI total score was included as covariate. In cases of 
sphericity violations (Mauchly’s test) Greenhouse-Geisser correction was used. 
 In addition, we conducted several sensitivity analyses, performing the 
same analyses described above (1) without the participant who used psychoactive 
mediation (n = 65), (2) using complete cases only with (n = 59) and without (n = 58) 
the participant using psychoactive medication, and (3) after imputing the missing 
post-test data with the average of the specific (intervention or control) condition 
the participant was in, again with (n = 66) and without (n = 65) the participant 
using psychoactive medication. The outcomes of these analyses are presented in 
the Supplementary Materials. In general, results of the sensitivity analyses were 
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Results
 N170 amplitudes
After winsorizing two outliers (z = 3.75 for post-test left happy, z = –3.63 for post-
test left angry) the data were normally distributed (|skewness| < 1, |kutosis| < 
2). Means and standard deviations are summarized in Table 2. Disconfirming our 
registered hypothesis about stronger amplitudes for emotional faces over neutral 
faces in the intervention group at post-test, a RM-ANCOVA did not show a significant 
3-way interaction between time, condition, and emotion F(2, 62) 0.11, p = .90, ηp² = 
.00. However, there was a significant Time*Condition interaction, F(1, 63) = 4.39, p = 
.04, ηp2 = .07. N170 amplitude is smaller (less negative) at post-test then pre-test in 
the intervention group (Figure 2). No other main or interaction effects were present 
(all Fs ≤ 1.83, all ps ≥ .13 and ηp² ≤ .03). Inspection of the N170 waveform (Figure 2) 
suggested the P1 may play a role in eliciting this effect, as the positive peak preceding 
the N170 appears larger in the intervention group, especially at post-test. To control 
for confounding effects and explore potential involvement of the P1, we conducted 
exploratory analyses of peak-to-peak N170 amplitude and P1 amplitude. 
Peak-to-peak N170 amplitudes
After winsorizing three outliers (z = –3.35 for post-test left neutral, z = –3.73 for 
post-test left happy, z = –4.39 for post-test left angry) the data were normally 
distributed (|skewness| < 1, |kurtosis| <2). Means and standard deviations 
are summarized in Table 2. Peak-to-peak N170 amplitudes were uncorrelated 
to the number of artifact-free trials included in participants’ ERPs (all rs ≤ .23, 
ps ≥ .06). A RM-ANCOVA with peak-to-peak N170 amplitude as dependent 
variable, experimental condition (i.e. intervention or control group) as between-
subjects factor and time (2 levels: pre- and post-test), emotion (3 levels: 
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subject factors did not yield a significant Time*Condition interaction F (1,63) = 1.08, 
p = .30, ηp² = .02. No other significant main or interaction effects were present either 
(all Fs ≤ 1.79, all ps ≥ .18 and ηp² ≤ .03).
P1 amplitudes
P1 amplitudes were normally distributed (|skewness| < 1, |kurtosis| <1) and 
no outliers were present (no z-scores > 3.29 or < – 3.29). Means and standard 
deviations are summarized in Table 3. The RM-ANCOVA did not reveal a significant 
Time*Condition interaction, F(1, 63) = 1.69, p = .20, ηp² = .03 (Figure 3). There was a 
Table 2. Means and standard deviations of mean amplitude and peak-to-peak amplitude measures of 
the N170.














































































































































main effect of condition with stronger P1 amplitudes in the intervention group F(1, 
63) = 13.86, p = < .01, ηp² = .18. Furthermore, a main effect of BSI total score was 
present F(1, 63) = 14.44, p = < .01, ηp² = .19. BSI and P1 amplitude were positively 
related (r = .31, p = .01). There were no other main or interaction effects present (all 
Fs ≤ 1.71, all ps ≥ .20 and ηp² ≤ .03).
 
Figure 3. Grandaverage ERP averaged across electrodes, 70, 75 and 83 illustrating the P1 at pre- and 
post-intervention measures in the intervention and control groups. Statistical analyses did not reveal 
a significant interaction between time and condition, but a main effect of condition with larger P1 
amplitudes in the intervention group. For the 7 participants without post-test data we carried the last 
observation forward.
Table 3. Means and standard deviations P1 and LPP amplitude.




























Happy 3.86 (2.60) 4.67 (2.15) 3.45 (2.72) 1.94 (1.37) 2.29 (1.16) 1.82 (1.54)
















Happy 4.04 (2.51) 5.19 (2.24) 3.46 (2.46) 2.07 (1.52) 2.44 (1.33) 1.89 (1.59)
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LPP amplitudes
After winsorizing three outliers (z = 3.40 for pre-test happy, z = –3.37 for post-test 
neutral, z = –5.29 for post-test angry) the data were normally distributed (|skewness| 
<1, |kurtosis| < 1). Means and standard deviations are summarized in Table 3. The 
RM-ANCOVA did not show a significant 3-way interaction between time, condition 
and emotion F(2, 62) 0.14, p = .87, ηp² = .00. There was a significant main effect of 
emotion category F (1, 63) = 4.39, p = .01, ηp² = .07. Post-hoc comparisons with LSD 
correction showed that LPP amplitudes were more positive for neutral compared to 
happy faces (p = .04) and more positive for angry compared to happy faces (p = .04; 
Figure 4). No other significant effects or interactions were present (all Fs ≤ 3.72, all ps 
> .05 and ηp² ≤ .05).
Figure 4. Grandaverage ERPs averaged across both pre- and post-test measures, across all participants, 
and across electrodes 59, 60, 61, 62, 66, 67, 71, 72, 76, 77, 78, 84, 85, and 91, illustrating the main effect of 
emotion category on LPP amplitude, with stronger amplitudes for angry and neutral compared to happy 
expressions across conditions and time. For displaying purposes the ERPs from which LPP amplitudes 
identified as outliers were obtained, were ‘winsorized’ by applying a multiplication factor (MF) obtained 
from the winsorizing procedure of LPP amplitude to the ERP waveform. For the 7 participants without 
post-test data we carried the last observation forward
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Discussion
Our study is the first to investigate intervention effects on mothers’ neurocognitive 
processes using both pre- and post-intervention measures. Our aim was to examine 
effects of the VIPP-SD parenting intervention on mothers’ neural processing of 
children’s facial expressions. The intervention trains parents in accurately perceiving, 
interpreting and responding to signals of their children on a behavioral level (Juffer 
et al., 2008; 2017), and the resulting changes in behavior may well result from more 
extensive or more efficient information processing. We expected the intervention to 
enhance the neural processing of emotional faces and consequently increase N170 
amplitudes. However, we found the opposite as N170 amplitudes decreased after 
the intervention. Although more extensive information processing has robustly been 
found to be associated with increased N170 amplitudes (Rugg, & Coles, 1995; Fox, 
Hane, Perez-Edgard, 2015), there is evidence that suggests that more efficient, less 
effortful processing decreases N170 amplitudes. For instance, increasing the effort 
required to process facial stimuli in order to perform a behavioral task (e.g., by 
contrast reversal or face inversion), resulted in larger N170 amplitudes in several 
studies (e.g., Eimer, 2000; Itier & Taylor, 2002; Caharel et al., 2011). Conversely, 
reductions in the neural effort required to processes information due to, e.g., practice 
have been interpreted as reflecting enhanced neural efficiency (Andreasen et al., 
1995; Neubauer & Fink, 2009; Babiloni et al., 2010). Thus, rather than intensify neural 
face processing, the intervention may have resulted in more efficient information 
processing and a reduction in the effort required to process children’s faces, 
regardless of emotional expression. This explanation would be consistent with a 
reduction in N170 amplitudes we observed after the VIPP-SD. 
However, visual inspection of the ERP waveforms suggested that neural activity 
preceding the N170 might be involved in eliciting the N170 effect, which prompted 
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intervention effects on the P1. In the analysis of peak-to-peak N170 amplitude, 
the time by condition effect was no longer significant, suggesting that preceding 
activity may indeed explain part of the N170 effect. It should be noted, though, 
that computing difference scores (as is done for peak-to-peak measures) increases 
the error component in a variable and thus reduces the chance of finding a true 
effect (Johns, 1981; Wall & Payne, 1973). Analysis of P1 amplitude did not reveal an 
interaction between time and condition, although the group averages were in the 
expected direction (i.e. averages in the control group remained more or less the same 
over time whereas amplitudes in the intervention group seemed to increase). Thus, 
it remains unclear to what extent modulation of early visual processing, e.g. due 
to enhanced early attention, as reflected in P1 amplitude played a role in bringing 
about the intervention effect on the N170. Disentangling effects of the VIPP-SD, as 
well as other interventions, on early, automatic visual processing and face specific 
neural processing therefore constitutes an important challenge for future research.
 The analysis of P1 amplitude did reveal a main effect of condition, with 
stronger P1 amplitudes in the intervention group. Furthermore, a main effect of 
BSI score on P1 amplitude was found with higher BSI scores relating to increased 
P1 amplitudes. The latter finding is consistent with studies reporting attentional 
biases in people with depression and anxiety symptoms toward enhanced 
attention to and saliency of socially and emotionally relevant stimuli such as 
emotional faces (Harrewijn, Schmidt, Westenberg, Tang, & van der Molen, 2017; 
Dai, Wei, Shu, & Feng, 2016). These findings highlight the importance of attending 
to potential pre-existing differences and confounding factors by including 
pre-intervention measures and important covariates in statistical analyses. 
 Besides relatively early and automatic (face) processing, we also 
investigated later, more controlled allocation of attention as reflected in the LPP. 
As the LPP is often found to be stronger for emotional compared to neutral stimuli 
(Foti & Hajcak, 2008; Hajcak & Nieuwenhuis, 2006; Pastor 2008; Hajcak et al., 2009), 
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we expected enhanced LPP amplitudes in response to emotional faces particularly 
after the VIPP-SD intervention, as the intervention focuses on the perception and 
evaluation of children’s emotional signals. Contrary to our expectations, we did not 
find an intervention effect on LPP amplitudes. Because the stimuli in our paradigm 
depicted full-blown expressions, probably requiring little conscious or controlled 
attention for processing, effects of enhanced controlled resource allocation may have 
remained invisible. We did find a main effect of emotion category with angry and 
neutral faces eliciting stronger amplitudes than happy faces across both groups. 
Preferential allocation of attentional resources to negative over positive affective 
stimuli has often been observed, especially when stimuli are characterized by high 
arousal and personal relevance (Schupp et al., 2000; Huffmeijer et al., 2011; Minnix 
et al., 2013; Thom et al., 2014). Children’s angry expressions are obviously highly 
relevant for parents, especially for parents of young children, whose behavior can 
be challenging and who may be prone to temper tantrums. The angry faces in the 
current study may therefore have received more attention, as reflected by larger LPP 
amplitudes, than happy faces. That LPP amplitudes were also stronger for neutral 
than for happy faces may be explained by the human tendency to perceive neutral 
faces as emotionally ambiguous and to evaluate neutral faces with a negative bias 
(e.g., Marusak, Zundel, Brown, Rabinak, & Thomas, 2017), requiring more attention 
allocation to be processed. 
The current study was based on Bernard and colleagues’ (2015) work, which led to 
our hypothesis regarding stronger N170 amplitudes in response to emotional faces 
over neutral faces after the VIPP-SD intervention. Whereas Bernard et al. (2015) 
obtained evidence for enhanced N170 amplitudes following a parenting intervention, 
we found the opposite. There are several differences between the studies that may 
explain the contrasting results. First, the study designs differ with respect to pre-
intervention measures of neural activity, that were unavailable in the Bernard et 
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of effects of the intervention on the N170. Second, the samples and interventions 
were different. The study by Bernard et al. (2015) included a sample of CPS-
referred mothers and the intervention was designed for mothers who are at risk for 
neglecting their offspring. The current study, in contrast, included a sample of typical 
mothers and an intervention focused on typical parents rather than a specific clinical 
group. CPS-referred mothers and mothers experiencing difficulties parenting their 
children, are known to differ from typical mothers in their neural and physiological 
responses to children’s emotional displays (e.g., Rodrigo et al., 2011; Reijman, et al., 
2014; Léon et al., 2014; Maupin et al., 2015; Wright, Laurent, & Ablow, 2017). An 
attachment-based intervention may therefore have differential effects depending on 
the population that is examined. In addition, where Bernard et al. (2015) examined 
mothers of singletons, the current study included mothers of twins who parent two 
same-aged children at a time which may have contributed to differences between 
the findings. Finally, the paradigms used to elicit neural responses differ between 
the studies. Bernard and colleagues (2015) required participants to categorize every 
emotional expression, whereas participants in the current study passively viewed 
the pictures and categorized gender only once every 24 trials. As ERP effects may be 
affected by task demands (see e.g. Huffmeijer et al., 2018 for a discussion on N170; 
Goffaux, Jemel, Jacques, Rossion, & Schyns, 2003), the difference in paradigms may 
have contributed to the contrasting findings. 
The current study design has several advantages over previous work in this area, 
most prominently the inclusion of both pre- and post-intervention assessment in a 
randomized-controlled design allowing us to draw causal conclusions and elucidate 
the directions of effects. Moreover, the study protocol was preregistered (Kolijn et 
al., 2017). Over the last years, awareness of the advantages of preregistration has 
increased dramatically among social scientists, and an increasing number of journals 
offer the option to submit a study protocol. Also, tools have become available that 
inform researchers about the best practices and support the preregistration process. 
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We believe that such developments will continue to contribute to a transparent way 
of practicing science. Although our protocol could have been more specific in many 
respects, we are confident that the critical review of the study design in advance of 
performing the study benefited the clarity and transparency throughout the current 
project. 
However, some limitations of the current study should also be mentioned. Despite 
careful planning, the final sample was smaller than we aimed for. In addition, the 
distribution of participants across the intervention and control group was skewed, 
with 44 participants in the control group and 22 in the intervention group. This 
limits statistical power, although not to an unacceptable level which is also due 
to the within-subject design (Thompson & Campbell, 2004; Van IJzendoorn & 
Bakermans-Kranenburg, 2016). Still, we recommend future studies to incorporate 
larger samples sizes existing of both mothers and fathers. Most knowledge about 
parenting is generated by studies that included mothers only. Although mothers 
are still considered to be the primary caregiver, fathers’ involvement in parenting 
has become a topic in research (Parke, 2000) and proven to be important for child 
development (Jeynes, 2015; Brown, Mangelsdorf, Shigeto, & Wong, 2018). In 
addition, studies investigating parents’ neural responses and preferential attention 
to non-adult faces show sex differences (Proverbio et al, 2011; Proverbio, 2017), 
pointing to differences between men and women in processing child signals that 
may differentially impact their parenting behavior. Furthermore, like many others, 
the current study is focused on the neural processing of facial expressions, but young 
children express and communicate their affective states through more extended 
channels, including verbally trough prosody and language content. Therefore, 
future research could incorporate both facial and verbal stimuli to examine parents’ 
neural activity in response to young children’s emotional displays.
Finally, the next step in investigating the neurocognitive mechanisms through 
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investigate whether changes in neural indices of information processing, such as the 
decreased N170 amplitudes reported here, that result from the VIPP-SD statistically 
mediate (and thus explain) changes in observed parental behavior. Knowledge 
of the neurocognitive factors that contribute to parenting behavior will add to 
the understanding of its complexity. Moreover, unraveling the neurocognitive 
mechanisms responsible for beneficial changes in parenting behavior will help to 
improve interventions by specifically targeting those processes that contribute to 
change. Future studies could incorporate different brain imaging modalities (i.e. 
fMRI) and investigate crucial parent-related behaviors such as parenting stress and 
parenting self-evaluation as reported in two recent exploratory studies (Swain et al., 
2017; Giuliani, Beauchamp, Noll & Fisher, 2019). Ultimately, such efforts will bring 
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Abstract
Although there is a large body of literature highlighting the behavioral effects of 
parenting interventions, studies on the neurocognitive mechanisms involved in such 
intervention effects remain scarce. The aim of the current study was to test whether 
changes in neural face processing (as reflected in N170 amplitudes) would act as a 
mediator in the association between the Video-feedback Intervention to promote 
Positive Parenting and Sensitive Discipline (VIPP-SD) and maternal sensitivity. A 
total of 66 mothers of whom a random 33% received the VIPP-SD and the others 
a ‘dummy’ intervention participated in pre- and post-intervention assessments. 
We recorded mothers’ electroencephalographic (EEG) activity in response to 
photographs of children’s neutral, happy, and angry facial expressions. Maternal 
sensitivity was observed while mothers interacted with their offspring in a semi-
structured play situation. In contrast with our expectations, we did not find evidence 
for mediation of intervention effects on maternal sensitivity by the N170. We discuss 
that parenting support programs may yield different effects on neurocognitive 
processes depending on the population and provide recommendations for future 
research. Our study underscores the importance of reporting null findings and pre-
registering studies in the field of neurocognitive research. 
Trial registration: Dutch Trial Register: NTR5312 ; Date registered: January 3, 2017.
Keywords: ERP, N170, VIPP-SD, maternal sensitivity, parenting behavior, mediation
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Introduction
Parental sensitivity positively affects children’s attachment security which in turn 
contributes to positive child development (Cassidy & Shaver, 2016; Groh, Fearon, 
van IJzendoorn, Bakermans-Kranenburg, & Roisman, 2017). Parenting support 
programs such as Incredible Years (Webster-Stratton, 2006; Gardner et al., 2019), 
Attachment and Biobehavioral Catch-up (ABC; Dozier et al., 2017) and the Video-
feedback Intervention to promote Positive Parenting and Sensitive Discipline (VIPP-
SD; Juffer, Bakermans-Kranenburg & Van IJzendoorn, 2017) have been found to be 
effective in enhancing parental sensitivity on a behavioral level. The Consortium 
on Individual Development (CID; https://individualdevelopment.nl) aims to 
understand how child characteristics (e.g. genetic, endocrine and neural processes), 
environmental influences (e.g. home environment, parenting quality) and their 
interaction contribute to child development. Specifically, the L-CID branch of the 
CID tree aims to investigate how parenting influences the development of children’s 
social competence and behavior regulation by enhancing parental sensitivity with 
the VIPP-SD program (Juffer et al., 2017). The current study zooms in on processes in 
parents by investigating whether intervention effects on parenting behavior are only 
accompanied or also mediated by changes on a neural level. As previously reported 
(Kolijn et al., 2020), the VIPP-SD affected mothers’ neural processing of emotional 
child faces. We found smaller N170 amplitudes in the intervention compared to 
the control group, likely reflecting more efficient information processing after the 
intervention. In the current study, we test whether this change in N170 amplitudes 
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Parental sensitivity and child development
Parental sensitivity is defined as the ability to perceive, interpret and respond to 
children’s emotional signals (including facial expressions) and is characterized 
by prompt, appropriate and consistent caregiving responses (Ainsworth, Bell & 
Stayton, 1974). It is an important predictor of children’s attachment security (e.g., 
Verhage et al., 2016) and related to positive child outcomes. For example, maternal 
sensitivity is positively associated with children’s cognitive development (Bernier, 
Carlson & Whipple, 2010; Malmberg et al., 2015; Merz, Landry, Montroy & Williams, 
2017), social competence (Krevans & Gibbs, 1996; Newton, Laible, Carlo, Steele & 
McGinley, 2014; Daniel, Madigan, & Jenkins, 2016) and behavior regulation (van 
Zeijl et al., 2006; Moss, Dubois-Comtois, Cyr, Tarabulsy, St-Laurent & Bernier, 2011). 
In addition, there is evidence from both animal and human studies that suggests 
neurodevelopmental changes may be involved in bringing about these effects 
(Rilling & Young, 2014; Kok et al., 2015). However, the nature of most of these studies 
is correlational, limiting the conclusions that can be drawn about causality and the 
direction of effects.
Attachment-based interventions, such as the VIPP-SD, have been found to be 
effective in enhancing parental sensitivity and attachment security (Juffer et al., 2017). 
Whereas the original VIPP is suited for parents with infants, the VIPP-SD (VIPP 
with an additional focus on Sensitive Discipline) is tailored to parents with children 
older than 1 year of age, who display more challenging behavior than infants. The 
foundation of the VIPP-SD can be found in a combination of two research traditions: 
Bowlby’s attachment theory as a basis for the sensitivity focus, and Patterson’s 
social learning theory for discipline or limit setting (Bowlby, 1982, 1988; Patterson, 
1982). The intervention aims to enhance parents’ sensitivity to children’s (emotional) 
signals on the one hand (to promote attachment security) and enhance sensitive 
but firm limit-setting on the other hand (to prevent or decrease oppositional child 
behavior). By using video-feedback, parents are enabled to reflect on their own 
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behavior and the responses it triggers from their child. The VIPP-SD is a relatively 
brief intervention program consisting of six home visits. A meta-analysis including 
12 randomized-controlled trials showed that the VIPP-SD is effective in enhancing 
parental sensitivity and sensitive discipline (combined effect size of d = 0.47), with 
smaller effects on child outcomes like attachment security and externalizing problem 
behavior in at-risk samples (Juffer et al., 2017). 
Parental sensitivity and face processing
Complex human behavior, such as parenting, results from an interplay of neural, 
cognitive and emotional processes (see Pareira & Ferreira, 2016 for a review). As 
faces and facial expressions reveal information about the mental and emotional state 
as well as intentions of others, face processing capacities facilitate successful social 
interaction (Grady & Keightley, 2002, Adolphs, 2003; Zebrowitz, 2006). As perceiving, 
interpreting and responding to children’s emotional displays are at the core of both 
sensitivity and sensitive discipline (Ainsworth et al., 1974), neural processing of 
children’s faces and facial expressions may be essential. Neural face processing can 
be examined non-invasively using electroencephalography (EEG), a method that 
records neural activity using electrodes placed on the scalp. Event-related potentials 
(ERPs), i.e., electrical activity in response to a specific event or stimulus (e.g., faces) 
can be used to quantify cognitive processing. Neural face processing is reflected in 
the N170, a negative-going component of the ERP that peaks approximately 170 
ms after stimulus onset and is thought to reflect the early stages of processing and 
encoding face configuration (Bentin, Allison, Puce, Perez, & McCarthy, 1996; Botzel, 
Schulze, & Stodieck, 1995; Yovel, 2016). Although more ERP components could be 
of interest, our preregistered focus is on neural face processing (Kolijn et al., 2017). 
In contrast to other ERP components, the N170 is face-specific and thought to reflect 
the encoding/ processing of face configuration in the fusiform gyrus (see e.g. Iidaka 
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to our registered study aim. In addition, the current study builds on our previous 
findings that showed an intervention effect on the N170 only, and not on the (not 
face-specific) P1 and LPP (Kolijn et al., 2020).
The N170 in response to (emotional) infant and child faces varies between parents 
and non-parents with stronger N170 amplitudes in parents (Proverbio et al.,, 2006; 
Weisman, Feldman & Goldstein, 2012; Maupin et al., 2015; Young et al., 2017). 
Differences have also been found depending on mothers’ parenting capacities, with 
Child Protective Services (CPS) referred mothers not treated with an attachment-
based intervention (Bernard, Simons & Dozier, 2015) and neglectful mothers 
(Rodrigo et al., 2011) failing to differentiate between facial expressions the way 
typical mothers, who show stronger neural responses for emotional over neutral 
faces, do. Interestingly, CPS-referred mothers who received attachment-based 
parenting support did show neural differentiation between children’s emotional and 
neutral facial expression (Bernard et al., 2015). Moreover, stronger N170 amplitudes 
for emotional compared to neutral faces were associated with higher parental 
sensitivity, suggesting correspondence between neural differentiation for emotional 
infant cues and sensitive caregiving responses on a behavioral level. 
Mediation: VIPP-SD effects on maternal sensitivity via N170
We wanted to gain more insight in the mechanisms potentially mediating intervention 
effects on parenting behavior and, thus, parental characteristics that might explain 
the efficacy and success of such programs. In our randomized-controlled study 
we found more efficient face processing (reflected in smaller N170 amplitudes in 
response to children’s emotional faces) in mothers who received the VIPP-SD (Kolijn 
et al., 2020), suggesting that neural face processing is indeed affected by attachment-
based parenting support. Although direct associations between N170 amplitudes 
and maternal sensitivity have been reported (Bernard et al., 2015), no studies to 
date have – to the best of our knowledge – addressed the question whether face 
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processing constitutes a mechanism for behavioral change in sensitivity. Therefore, 
the aim of the current study was to test whether changes in N170 amplitude 
mediate intervention effects on maternal sensitivity. Although the VIPP-SD targets 
both parental sensitivity and sensitive discipline, we focus on intervention effects 
on maternal sensitivity in line with Bernard et al. (2015). We hypothesize that the 
intervention positively affects maternal sensitivity and that this change is mediated 
by a change in N170 amplitudes (i.e., the decreased amplitudes we reported on in 
Kolijn et al., 2020) over the course of the intervention.
Method
Participants 
The Leiden Consortium on Individual Development (L-CID) preschooler project is 
a longitudinal intervention study including families with 3- to 4-year old twins (for 
details on the L-CID design see Euser et al., 2016). A random 40% was assigned 
to the intervention and 60% to a dummy intervention, the 40/60 ratio was chosen 
for feasibility reasons. The sensitive discipline feature of the VIPP-SD targets the 
reduction and/or prevention of children’s problem behavior. Although our sample 
was not selected for increased levels of problem behavior, parents of twins are 
challenged, as raising two same-aged children at the same time increases child 
rearing demands (Lewin, 2016; Klein, 2017; Riva Crugnola et al., 2020). Therefore, 
parenting support is of particular relevance for these parents. The current study 
reports on a random subsample of mothers who were invited to participate in an 
additional part of the study focusing on the ‘parental brain’ (see Kolijn et al., 2017; 
2020). The current sample included 66 mothers (22 mothers in the intervention 
group and 44 mothers in the control group (due to the 40/60 randomization ratio 
in the larger L-CID study, the groups differ in size) who were eligible and willing to 
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Table 1. Sample characteristics, group differences/covariates






Sample characteristics M (SD) M (SD) M (SD)
Age mother at T0 37.29 (4.31) 36.99 (4.23) 37.43 (4.38)
Age twin at T0 4.66 (0.60) 4.61 (0.66) 4.69 (0.57)
Age mother at T3 38.26 (4.30) 38.06 (4.25) 38.37 (4.38)














Single parent 5 5 5
Twin girls 52 50 52
MZ twins 58 68 52
Group differences/covariates M (SD) M (SD) M (SD)
BSI total mother 26.54 (5.20) 24.46 (4.29) 27.58 (5.34)*
Weeks between T0 and T1 33.14 (2.26) 32.13 (1.33) 33.65 (2.46)**
Weeks between T1 and Start 3.19 (1.71) 4.08 (1.76) 2.80 (1.55)*
Duration V/D 11.08 (2.89) 12.68 (4.20) 10.39 (1.74)*
Weeks between End V/D and T2 4.13 (3.51) 4.96 (5.34) 3.75 (2.20)
Weeks between T2 and T3 2.79 (1.97) 2.36 (1.44) 3.00 (2.17)
Note: Difference between intervention and control group: *p < .05, ** p < .01, only significant covariates 
were added to the moderated mediation analyses in the sensitivity analyses (supplementary materials). 
‘V/D’ = VIPP-SD or dummy intervention, ‘Start’ = start of the intervention or dummy, ‘End’ = End of the 
intervention or dummy. 
Sample characteristics are summarized in Table 1. Mothers were on average 37.29 
years old (SD = 4.31) and their typically developing same-sex twins were on average 
4.66 years old (SD = 0.60, 52% girls) at the time of the current study’s first assessment, 
i.e. the pre-test of maternal sensitivity. The majority of mothers were married or in 
a registered partnership (73%) or unmarried living together (23%), highly educated 
(77% had at least an undergraduate degree) and were born in the Netherlands (92%). 
Exclusion criteria for mothers were neurological and psychiatric diseases and use 
of psychoactive medication. Included mothers (n = 66) did not differ from mothers 
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who did not meet the inclusion criteria or declined to participate (n = 54) regarding 
background variables (i.e. marital status, maternal education, family SES, twin 
gender and twin zygosity; all ps ≥ .10). Finally, the current study was registered 
(Kolijn et al., 2017) but it should be noted that our sample size deviates from the 
registered sample size (n = 100; 50 intervention group and 50 control group). 
Due to inclusion of an EEG pre-test, we could only invite the families who were 
not randomized to either intervention or control group yet (n = 119) of which 66 
participated in two additional EEG-assessments (see Kolijn et al., 2020 for details). 
Consequently, the power to detect effects deviates from the registered protocol (see 
below, under ‘Statistical Analysis’). 
Procedure
In the L-CID project, families are followed for 6 years with yearly assessments, 
resulting in 6 waves existing of two pre- and four post-intervention tests (Euser et 
al., 2016; Crone et al, 2020). In between wave two (i.e. second pre-test) and three 
(i.e. the first post-test), families were randomized to receive either the VIPP-SD 
program or a dummy intervention with six phone calls (see below). Approximately 
two weeks before and two weeks after the intervention, the current subsample 
participated in additional EEG-assessments (see Figure 1 for an overview of the 
sequence of assessments and the intervention). The current study includes data 
from four L-CID assessments: Wave 2 maternal sensitivity data (pre-intervention; 
first green box in Figure 1), maternal EEG data from the additional pre- and post-
intervention assessments (yellow boxes in Figure 1) and Wave 3 maternal sensitivity 
data (post-intervention; second green box in Figure 1). All visits took place at the 
Leiden University Child and Family laboratory. At the start of the L-CID study, 
participants signed informed consent. For the additional EEG-assessments mothers 
signed an additional informed consent form at the start of the first EEG-visit. At the 
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visit and small presents for the children and €20 for each EEG visit) and their travel-
expenses were compensated. The Institutional Review Board of Leiden University’s 
Institute of Education and Child Studies and the Central Committee on Research 
Involving Human Subjects in the Netherlands (CCMO; NL49069.000.14) approved 
all assessments. 
Figure 1. The sequence of assessments.
Intervention Program
The VIPP-SD (Juffer et al., 2017) is based on Bowlby’s attachment theory (Bowlby, 
1982, 1988) and Patterson’s social learning theory (1982), and includes sensitivity and 
sensitive discipline themes (see Juffer et al., 2008 for an overview). The intervention 
consists of one start-up home visit followed by 5 biweekly home visits during which 
parent-child interactions are videotaped and positive feedback is provided. In 
between sessions, the intervener reviews the videos and, guided by positive parent-
child interaction episodes, prepares the feedback. During every subsequent visit, the 
mother and intervener reflect on the positive episodes of the previous visit. The use 
of video-feedback is a powerful element of the intervention as mothers can identify 
with the material, thereby using mother’s own as well as their children’s behavior 
as a model for behavioral change. In addition, an empathic intervener-parent 
relationship and an emphasis on mothers being the expert on their own children 
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are pivotal elements of the intervention. The implementation of the VIPP-SD in the 
current study required sample-specific adjustments and accordingly the VIPP-SD 
manual was adapted for families with twins (see Euser et al., 2016 for details). All 
interveners were extensively trained by certified VIPP-trainers in using the VIPP-SD 
version 3.0 manual (Juffer, Bakermans-Kranenburg, & Van IJzendoorn, 2015) and 
running home visits with twins. On average, mothers who participated in the VIPP-
SD program completed 5.63 visits (SD = 0.96, n = 19; 3 participants did not start the 
intervention). 
Control condition
To control for the potential effect of receiving expert attention, participants 
randomized to the control condition were contacted by phone six times. Following 
a standardized protocol, trained research assistants asked parents to report on their 
twins’ general development by using a semi-structured interview. On average, the 
control group completed 5.89 phone calls (SD = 0.32, n = 44), which was not different 
from the number of visits completed by the intervention group (p = .27). 
Measures
Maternal sensitivity. To observe maternal sensitivity, parent-child dyads performed 
a computerized version of the Etch-a-Sketch task (Stevenson-Hinde & Shouldice, 
1995; Deater-Deckard, 2000; Vrijhof et al., 2019) in which they were instructed to 
digitally replicate three printed drawings (ascending in difficulty). The task was 
performed on a laptop, using four buttons: one button pair controlled the lines 
going up and down, the second button pair controlled the line going left or right. 
Before starting the task, parent and child decided among themselves who would 
control which pair of buttons. This task is particularly suited to elicit parent-child 
interaction, as parent and child need to cooperate actively to succeed at the task. 
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cue signaled parent and child to start replicating the second drawing if they had not 
finished drawing the first. We videotaped the interaction and recorded the actions 
on the laptop screen. Afterwards, the two recordings were integrated side by side 
into a single video. 
The revised Erickson 7-point rating scales for supportive presence (1 = parent 
completely fails to be supportive to the child, 7 = parent skillfully provides support 
throughout the session) and intrusiveness (1 = parent allows the child sufficient 
time to explore and to solve things on their own, 7 = parent is highly intrusive; 
her/his agenda clearly has precedence over the child’s wishes; Egeland, Erickson, 
Clemenhagen-Moon, Hiester, & Korfmacher, 1990) were used to rate maternal 
sensitivity. In total, eight coders – trained by an expert coder – were involved in 
coding the video’s (see Table 2 for intercoder reliability). Videos of co-twins and 
videos from the same family in different assessments were never coded by the same 
coder.  
Table 2. Values of the ICC reliability sets
ICC with expert coder
M (range)
ICC among the 8 coders
M (range)
Pre-test
Supportive Presence .83 (.76 - .89) .83 (.76 - .89)
Intrusiveness .77 (.72 - .81) .79 (.72 - .87)
Post-test
Supportive Presence .74 (.68 - .77) .71 (.64 - .78)
Intrusiveness .75 (.68 - .80) .76 (.61 - .84)
Note: Number of videos in reliability set pre-test = 40 and in reliability set post-test = 48. 
For interpretation purposes, the intrusiveness scale was reversed into non-
intrusiveness so that higher scores represented higher levels of maternal sensitivity 
on both scales. As the current study involved families with twins, every mother 
received four scores per maternal sensitivity assessment (i.e. two scales * two children) 
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that were used to compute one maternal sensitivity score per mother, per assessment 
using the following procedure. Supportive presence and non-intrusiveness scores 
within each child were significantly related (r = .55 and .54, p = < .01 for the pre-
test and r = .58, p = .01 and .34, p < .01 for the post-test). Therefore, we first created 
one average maternal sensitivity score per co-twin per assessment. These two scores 
were significantly related within mothers (r = .39, p = < .01 for the pre-test and r = 
.51, p = < .01 for the post-test). Consequently, one overall maternal sensitivity score 
per assessment was computed, resulting in one pre- and one post-test maternal 
sensitivity score. On average, mothers scored 4.12 (SD = 1.09) at the pre-test and 
4.39 (SD = 1.09) at the post-test. The data were approximately normally distributed 
(|skewness| < 1, |kurtosis| <1) and no outliers were present (no z-scores > 3.29 or 
< – 3.29).
EEG paradigm stimuli. Stimuli were obtained from the Child Affective Facial 
Expression set (CAFE; LoBue, 2014) that contains full-color photographs of young 
children (face only) expressing a variety of emotional facial expressions. The children 
in the CAFE set (age 2 – 8 years) are approximately the same age as the children of 
the participants in our study. Because the majority of children in our sample were 
Caucasian we selected the ‘White’ subset of the CAFE set. To avoid confounding 
facial expression with child identity, we initially selected only pictures of children 
for whom the facial expressions neutral, happy and angry were reported as valid 
by LoBue and Thrasher (2015), which was the case for pictures of 22 children (10 
girls and 12 boys). In contrast to prior studies, we included anger instead of sadness 
due to the VIPP-SD’s focus on responding to children’s noncompliant, challenging 
behavior that often involves anger but usually not sadness (see also Kolijn et al., 
2020). We matched the selected photographs on size and luminosity and after a 
convenience sample of 16 faculty members of Leiden University rated the pictures on 
emotion (for details see Kolijn et al., 2020), we included photographs of 16 children 
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EEG face processing paradigm. In total, 144 pictures (i.e. 16 children * 3 facial 
expressions * 3 presentations) were presented to the participants in a quasi-random 
order, with the restriction that the same emotion could not occur more than 4 times 
in a row. Stimuli were presented on a black background on a computer monitor 
in a dimly lit and sound attenuated room. A white fixation cross on a black screen 
started every trial (duration varied randomly between 800 and 1200 ms) after 
which a picture (6.60x8.10° visual angle) was presented for 1000 ms. Participants 
were offered a 10-second break to rest their eyes after every 24th trial. To maintain 
participants’ attention, participants were asked once during every block of 24 trials 
(varying randomly between the 5th and 24th trial) to indicate the gender of the child 
in the picture by a button press. The majority (86%) of the sample answered all gender 
questions correctly (the remaining 14% answered 1 gender question incorrectly), 
and accuracy did not differ between the intervention (M = 5.86 correct answers, SD 
= 0.35) and control group (M = 5.86 correct answers, SD = 0.35). Participants were 
instructed not to move and to look straight at the screen. The paradigm took about 
8 minutes to complete.
ERPs. While participants viewed the pictures, their EEG was recorded using 
NetStation software (RRID: SCR_002453) and 129-channel Hydrocel Geodesic Sensor 
Nets (Electrical Geodesics, Inc.). The signal was amplified using a NetAmps300 
amplifier, low-pass filtered at 200 Hz, and digitized at a rate of 500 Hz. Cz was 
used as the reference during recording. Impedances were kept below 50 kΩ. A 0.3 
Hz high-pass filter (99.9% pass-band gain, 0.1% stop-band gain, 1.5 Hz roll-off) 
was applied before data was exported to be processed further using Brain Vision 
Analyzer 2.0 software (Brain Products GmbH). A 30 Hz low-pass filter (-3 dB, 48dB/
octave) was applied, and data were rereferenced to the average of activity in all 129 
channels. The EEG-data in the current study overlaps with the data in Kolijn et al. 
(2020) and was analyzed in the same way. 
In short, 1200 ms segments extending from 200 ms before to 1000 ms after stimulus 
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onset were extracted and corrected for ocular artifacts using independent component 
analysis (ICA). Segments containing residual artifacts were removed if the difference 
between the maximum and minimum activity in the left (el. 25 – el. 127) and right 
(el. 8 – el. 126) eye channels was larger than 100 μV within any 200 ms window or if 
activity in the horizontal eye channel (el. 125 – el. 128) was larger than 60 μV within 
any 200-ms window. When the difference between the minimum and maximum 
activity was larger than 150 μV in a particular channel during a particular segment, 
we removed that channel from that segment. Finally, an average ERP waveform 
was created for every emotion (i.e. neutral, happy and angry) for each assessment 
(pre- and post-test). For the pre-test (n = 66), participants had on average 45 (SD 
= 5.74, range: 23 – 48), 44 (SD = 5.86, range: 21 – 48) and 45 (SD = 5.39 range: 23 – 
48) artifact-free trials in response to neutral, happy and angry stimuli respectively, 
without significant differences between the intervention and control group (all ts 
≤ 1.64, all ps ≥ .11). For the post-test (n = 60; 5 persons did not participate in the 
post-test and one participants’ session was aborted, see ‘statistical analyses’), these 
numbers were 44 (SD = 7.52, range: 6 – 48), 44 (SD = 7.88, range 9 – 48) and 44 (SD = 
7.30, range 7 – 48), again without differences between the intervention and control 
group (all ts ≤ 1.46, all ps ≥ .15).
Based on a-priori considerations and inspection of grandaverage waveforms (i.e. 
the ERP averaged across groups, conditions and sessions; see Kolijn et al., 2020 for a 
detailed description) we quantified the N170 as the average voltage within the 138-
168 ms time window across electrode sites 58, 64, and 65 (left N170), and 90, 95 and 
96 (right N170). After winsorizing two outliers (z = 3.75 for post-test left happy, z = 
–3.63 for post-test left angry; Tabachnick & Fidell, 2013) the data were approximately 
normally distributed (|skewness| < 1, |kurtosis| < 2) without outliers (no z-scores 
> 3.29 or < – 3.29). As reported in Kolijn et al. (2020), the intervention affected N170 
amplitudes regardless of facial expression or hemisphere and therefore we created 
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averaging across the three facial expressions and both hemispheres. These two 
variables were approximately normally distributed (|skewness| < 1, |kurtosis| <1) 
without outliers (no z-scores > 3.29 or < – 3.29).
Covariates. There were four potential confounders, which we included as covariates 
in the sensitivity analyses: 1. time in weeks between T0 and T1, 2. time in weeks 
between T1 and start of the VIPP-SD program or dummy intervention, 3. the 
duration of the VIPP-SD program or dummy intervention and 4. level of self-reported 
psychopathological symptoms measured with the Brief Symptom Inventory (BSI; 
Derogatis, 1993). 
Statistical analyses
A total of seven mothers (three in the intervention group and four in the control 
group) had missing EEG post-test data: five did not participate, one participants’ 
session was aborted due to illness and one participant did not provide sufficient 
artifact-free data (i.e. at least 10 artifact-free trials per condition). For maternal 
sensitivity, two mothers had missing data on the post-test (both in the control 
group). Missing data were handled by carrying the last observation forward (i.e. 
pre-test, see Little & Yau. 1996) to ensure a complete dataset across all assessments. 
Three participants did not start the intervention due to time constraints or personal 
circumstances, but conform the ITT approach we analyzed them in the group to 
which they were randomly assigned. Finally, after finishing data collection, one 
participant (control group) reported use of psychoactive medication, but she was 
included in the analyses conform the intent to treat (ITT) approach (Kolijn et al., 2020). 
 We performed two sets of analyses to answer our research question. First, 
we performed a first stage moderated mediation analysis using model 10 in Hayes’ 
PROCESS macro (Hayes, 2018; see Figure 2 panel A for the conceptual model and 
panel B for the statistical model). As illustrated in Figure 2, PROCESS’ model 10 
performs a series of regression analyses testing whether a difference between 
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the intervention and control group (X) on maternal sensitivity at post-test (Y) is 
mediated by N170 amplitude at post-test (M) while taking pre-test N170 amplitudes 
(W) and pre-test maternal sensitivity (Z) into account. More specifically, the indices 
of partial moderated mediation indicate whether one moderator (N170 amplitude 
[W] or sensitivity [Z]) is related to the size of the indirect effect (i.e. effect of the 
intervention on post-test maternal sensitivity through post-test N170 amplitudes), 
independent of the other moderator (Hayes, 2018). An intervention effect on N170 
amplitude (the mediator) can appear as a significant interaction term X*W and/or 
a significant main effect of experimental condition. Similarly, an intervention effect 
on maternal sensitivity (the outcome) can manifest itself as a significant interaction 
term X*Z and/or a significant main effect of experimental condition. We coded the 
between-subjects factor as 0 for the control group and 1 for the intervention group. 
Moderated mediation effects were tested using the percentile bootstrap method 
with 10,000 runs, and we centered the continuous variables before the analysis by 
subtracting the group mean from every individual score. Testing the total effect of 
the intervention on maternal sensitivity with α = .05 in a sample of 66 mothers, 
the power to detect a medium-sized effect is .51 (G*Power 3.1.9.2; Faul, Erdfelder, 
Buchner & Lang, 2009). The power to detect substantial mediation is at least similar, 
and often larger than the power to detect the overall effect (Kenny & Judd, 2014).
 The moderated mediation analysis approaches our association of interest 
most closely, but not to the full extent, as the analysis fails to take into account the 
moderating effects of both moderators (i.e., pre-test N170 and pre-test sensitivity) at 
the same time. Moreover, PROCESS’ model 10 estimates and tests many coefficients 
that are not relevant for our research question (dotted lines Figure 2), affecting the 
power of the analysis, which is especially relevant given our relatively small sample. 
Therefore, we performed additional two-condition mediation analyses per group 
using Montoya & Hayes’ (2017) MEMORE macro for SPSS. The MEMORE model 
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Thus, these analyses tested whether, within the intervention and control groups 
separately, a change in the dependent variable maternal sensitivity from pre- to 
post-test is mediated by a pre- to post-test change in N170 amplitude. We tested 
the indirect effect by using the percentile bootstrap method with 10,000 runs and 
we used non-centered variables (essential for these analyses; see Montoya & Hayes, 
2017). Alpha was set to .05 in all analyses.
In order to test the robustness of associations, we performed sensitivity analyses by 
repeating the moderated mediation analysis in which we included the variables on 
which the intervention and control group significantly differed as covariates. The 
outcomes of these analyses are presented in the appendix and the conclusions are in 
line with our main findings. 
Results
Moderated mediation analysis 
Descriptive statistics of all variables can be found in Table 3. We used Hayes’ PROCESS 
macro model 10 for moderated mediation analysis to test whether post-N170 
amplitudes mediated the effect of the VIPP-SD on post-maternal sensitivity. Results 
are illustrated in Figure 3. Both pre- and post-test N170 amplitudes r = .87, p < .01 
and pre- and post-test maternal sensitivity r = .56, p < .01 were significantly related. 
There was no intervention effect on maternal sensitivity, as indicated by the absence 
of a main effect of condition (b = 0.17, p = .49) on post-test maternal sensitivity and 
the absence of an interaction effect of group and pre-test maternal sensitivity (b = 
0.19, p = .52 [X*Z, illustrated in blue in Figure 2 panel C]). The intervention and 
control groups were significantly different on N170 amplitudes at post-test (b = 
0.53, p = .02; smaller N170 amplitudes in the intervention than the control group). 







































































































































































































































































































































Mediation study: VIPP-SD, N170, maternal sensitivity
Figure 2 panel C) on post-test N170 amplitudes was marginal (b = 0.19, p = .06). 
Furthermore, we did not find a significant association between the N170 at post-
test and maternal sensitivity at post-test (b = -.03, p = .84). Moreover, the indices of 
partial moderated mediation provided no evidence for our hypothesis, as these were 
not significant: Independent of pre-test maternal sensitivity, the indirect effect of the 
intervention on post-test maternal sensitivity through post-test N170 amplitudes was 
not significantly moderated by the pre-test N170 amplitudes (b = -0.01, bootstrapped 
SE = 0.03, 95% confidence interval (CI): -0.07 - 0.06). Independent of pre-test N170 
amplitudes, the indirect effect of the intervention on post-test maternal sensitivity 
through post-test N170 amplitudes was not significantly moderated by the pre-test 
maternal sensitivity (b = -0.01, bootstrapped SE = 0.07, 95% (CI): -0.17 – 0.14).
Two-condition mediator analyses 
Using Montoya & Hayes’ MEMORE macro, we performed mediation analyses for 
the intervention and control group separately. The results are illustrated in Figure 
3. In the intervention group, we found a significant effect of time on maternal 
sensitivity (total effect: b = 0.40, SE = 0.05, p < .01) with significantly higher maternal 
sensitivity scores at the post- compared to the pre-test. We also found a significant 
effect of time on N170 amplitude (b = 0.43, p = .04), with smaller (i.e. less negative) 







Variable M (SD) M (SD) M (SD)
Pre-test
Sensitivity 4.12 (1.09) 4.09 (0.79) 4.14 (1.22)
N170 -0.38 (2.36) -0.23 (2.49) -0.45 (2.31)
Post-test
Sensitivity 4.39 (1.09) 4.49 (1.15) 4.34 (1.08)
N170 -0.29 (2.39) 0.20 (2.75) -0.54 (2.17)
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N170 amplitudes at the post- compared to the pre-test. There was no signifi cant 
association between the pre- to posttest changes in N170 amplitude and maternal 
sensitivity (b = 0.08, p = .76). Although the direct eff ect of time, taking the N170 into 
account, was not signifi cant (b = 0.36, SE = 0.25, p = .16), we did not fi nd evidence 
for mediation as the indirect eff ect was not signifi cant either, b = 0.04, bootstrapped 
SE = 0.13, 95% CI: -0.20 - 0.35. We also found an eff ect of time on maternal sensitivity 
in the control group (total eff ect: b = 0.20, SE = 0.02, p < .01) with higher maternal 
sensitivity scores at the post- compared to the pre-test. There was no eff ect of time 
on the N170 (b = -0.09, p = .48) or an association between the diff erence in N170 
amplitude between pre- and post-test and the diff erence in maternal sensitivity from 
pre- to post-test (b = -0.17, p = .35). We did not fi nd evidence for mediation as the 
indirect eff ect was not signifi cant (b = 0.02, bootstrapped SE = 0.04, 95% CI: -0.06 - 
0.10), even though the direct eff ect was not signifi cant either (b = 0.19, SE = 0.15, p 
= .22). 
Discussion
In previous RCTs the VIPP-SD has been found to be eff ective in enhancing parental 
sensitivity. Our aim was to gain insight into neural processes that potentially 
Figure 3. Results of the two-condition mediator analysis (MEMORE) per group. Signifi cant associations 
are displayed in bold. The mediator represents the N170 diff erence score and the outcome measure 
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contribute to the behavioral eff ects. We hypothesized that the intervention would 
promote maternal sensitivity by enhancing mothers’ ability to accurately perceive 
and interpret their children’s (emotional) needs, based on their children’s facial 
expressions that reveal important non-verbal information about mental states 
(Zebrowitz, 2006). By ‘training’ mothers’ ability to read or scan their children’s 
faces for emotional needs and automating cognitive processing, the intervention 
may result in less eff ortful, more effi  cient neural face processing, as we observed 
previously (Kolijn et al., 2020). Following-up on that fi nding, we conducted 
mediation analyses to test whether such gains in neural face processing enhanced 
maternal sensitivity to their children’s signals. However, in the current subsample 
of the larger L-CID sample the VIPP-SD did not signifi cantly enhance maternal 
sensitivity, and neural face processing was not involved as a mediator. Nonetheless, 
in accordance with our previously reported fi nding of a VIPP-SD eff ect on the N170 
(Kolijn et al., 2020) the two-condition mediation analyses demonstrated that the 
time eff ect on N170 amplitudes (smaller at post-test) was present in the intervention 
group but absent in the control group. The more sophisticated moderated mediation 
analysis showed that N170 amplitudes at post-test were smaller in the intervention 
compared to the control group while controlling for pre-test N170 amplitudes. To 
date, only a couple of studies have investigated neurobiological factors that may 
be involved in intervention eff ects on parenting (Bernard et al., 2015, Swain, Ho, 
Dayton, Rosenblum & Muzik 2014; Swain et al., 2017), highlighting the current lack 
of understanding of these processes. The current EEG-study is the fi rst – to the best 
of our knowledge – to employ a strong study design, using a randomized-controlled 
trial including pre- and post-intervention measures, and including mothers of twins 
to enhance the reliability of the behavioral assessments.
One explanation for the absence of a mediation eff ect may lie in the fact that the 
time-window between the EEG post-test and the maternal sensitivity post-test was 
rather short, less than three weeks on average. It may well be that it takes a longer 
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period of time for effects on neural face processing to result in observable changes in 
complex behavior. However, it is also possible that our results reflect true null effects. 
Assuming a ‘true’ null result, our study showed notable differences with studies 
that reported intervention effects on both neural and behavioral measures. Thus, 
the current study does not constitute an exact but rather a varied replication (Van 
IJzendoorn, 1994) of the previous studies that were the basis for the formulation of our 
mediation hypothesis. The most notable differences involve sample characteristics. 
Whereas our study included a sample of advantaged families (as indicated by 
the high proportion of two-parent families and a predominantly middle to high 
educational level), previous research studied high-risk and/or disadvantaged 
samples (Swain et al., 2014; 2017; Kim, Capistrano, Erhart, Gray-Schiff, & Xu, 2017) 
characterized by e.g. neglect and/or maltreatment (Bernard et al., 2015) or substance 
use (Suchman, DeCoste, Castiglioni, Legow & Mayes, 2008). Such differences may 
help explain the absence of behavioral intervention effects in the current study, 
but may also be relevant for the neurocognitive effects that can be observed. As 
evidenced by our previous results and corroborated by our current findings, our 
intervention led to a reduction of neural effort required to process children’s faces 
and smaller N170 amplitudes (Kolijn et al., 2020), whereas enhanced N170 (and LPP) 
amplitudes and reflecting increased neural processing of infant faces, was observed 
in high-risk samples (N170 and LPP; Bernard et al., 2015). Whether face processing 
is differentially impacted in high-risk mothers, leading to different neurocognitive 
outcomes and (resulting) behavioral effects of intervention programs depending 
on the population involved, is an outstanding issue and constitutes an important 
topic for future research. Furthermore, other differences between our own findings 
and those of Bernard et al. deserve attention here. First, whereas stronger (i.e., more 
negative) N170 amplitudes were found for emotional over neutral faces after the 
ABC intervention (Bernard et al., 2015), the N170 in our study was unaffected by 
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many (Hinojosa, Mercado & Carretié, 2015) but not all (Noll, Mayes, & Rutherford, 
2012; Malak, Crowley, Mayes and Rutherford, 2015; Rutherford, Maupin, Landi, 
Potenza, & Mayes, 2017) studies have found the N170 to be affected by emotional 
expressions, in particular their intensity. To what extent emotional expressions play 
a role remains important to address in future research. Second, variation in task 
design possibly played a role here as well. Whereas Bernard et al. (2015) used a 
categorization task in which mothers viewed children’s faces and subsequently 
classified the emotion expressed, the mothers in our study passively viewed the 
pictures and there was no ‘task’ involved. Task demands, especially in the degree 
to which faces and/or facial expressions are relevant for the task’s demands, might 
affect N170 effects (see also Kolijn et al., 2020; Huffmeijer et al., 2018) and this may 
have contributed to the divergent findings.
Although our sample was not high-risk, it did consist of families with twins. 
Parents of twins experience increased parenting demands, since two same-aged 
children claim their attention. Importantly, research in twin families has revealed 
higher levels of (parenting) stress, depression, exhaustion and perceived parenting 
difficulty (Damato, 2005; Olivennes, Golombok, Ramogida & Rust, 2005; Lutz 
et al., 2012; Andrade, Martins, Angelo & Martinho, 2014). Additionally, parents 
face parenting challenges resulting from twin interrelationships – affecting 
developmental trajectories of identity formation and forming (peer) relationships 
(Lewin, 2016; Klein, 2017). Nevertheless, our sample was characterized by buffering 
factors such as the virtual absence of single parenthood (95%), middle- to high-SES, 
and low parental psychopathology, pointing to substantial differences with high-
risk samples.
An important strength of our study is the RCT design with pre-tests and post-tests. The 
inclusion of a pre-test is essential to examine any manipulation-induced change over 
time. Besides quantification of baseline levels, pre-tests in RCTs can reveal existing 
pre-intervention differences – even after random assignment – that may confound 
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differences in post-test measures. This is particularly relevant when samples of a 
modest size are used, as chance factors might lead to substantial pre-test differences. 
Still, researchers should be aware of the paradox that pre-tests are included to secure 
internal validity of the design, but at the same time pose inherent threats to other 
aspects of both internal and external validity (Hartley, 1973; Hoogstraten, 1979; Kim 
& Willson, 2010). Participating in a pre-test gives away what is being measured 
at post-test by ‘pre-test sensitization’ (i.e. the potential or actual pre-intervention 
assessment effect on participants performance; Willson & Kim, 2010; Kim & Willson, 
2010; see Song & Ward, 2015 for a review). In our study the pre-test may have 
reduced variation between the intervention and control group as a result of similar 
pre-test sensitization. The pre-test could have primed the intervention targets and 
differentially (de)motivated parents (Rahmqvist, Wells & Sarkadi, 2014), whereas 
not including a pre-test would have kept all parents un-informed. The Solomon four-
group design (Solomon et al., 1949) in which participants are randomly assigned 
to one of four groups with and without pretest enables researchers to compare all 
possibilities of pre- and/or post-test in combination with or without intervention 
and examine effects of including a pre-test. However, a Solomon four-group design 
suffers from statistical issues (Sawilowsky et al., 1994) and has limited feasibility 
(Michel & Haight, 1996).
Considerations for future research
Null findings deserve more attention in the scientific literature, as not publishing 
null results might lead to substantial publication bias and to a waste of scarce 
research resources (Ferguson & Heene, 2012). Fortunately, the importance of null 
findings and failed replications has become increasingly recognized over the past 
years (Ferguson & Heene, 2012; Landis, James, Lance, Pierce & Rogelberg, 2014; 
Mehler, Edelsbrunner & Matić, 2019). The current study was registered (Kolijn et 
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explicit, limiting the chance of selective use of post-hoc analytic strategies that favor 
significance, and preventing selective publication of significant outcomes. Pre-
registration is a promising tool in decreasing publication bias, thereby contributing 
to the reproducibility and credibility of research efforts (Van ‘t Veer & Giner-Sorolla, 
2016). Indeed, registered studies show increased rates of published null findings 
(Kaplan & Irvin, 2015; Allen & Mehler, 2018). With respect to publication of the 
current null findings, the absence of mediation may promote the idea that the 
intervention may operate on other levels than we tested. This generates hypotheses 
and recommendations for future research. For instance, the VIPP-SD themes 
‘speaking for the child’ and ‘sharing emotions’ could increase cognitive processes 
that are involved in perspective taking/mentalizing and internal verbalization that 
in turn could promote maternal sensitivity on a behavioral level.
Future research may also attend to some limitations of the current study. Whereas 
our sample size was sufficient to detect neural effects (cf. Huffmeijer et al., 2014), 
it may have been too small to detect the effects on a behavioral level (Taborsky, 
2010). However, the power to detect substantial mediation is often larger than 
the power for direct effects (Kenny & Judd, 2014) and sample size problems are 
limited in within-subjects designs (Thompson-Campbell, 2004; Van IJzendoorn & 
Bakermans-Kranenburg, 2016; Kenny & Judd, 2019). Another point relates to the 
‘task’ that we used in our EEG-paradigm, passive viewing of children’s faces. Most 
previous studies focused on neural processing in mothers of infants and included 
stimuli depicting full-blown emotional expressions or infant cry sounds (Maupin et 
al., 2015). These represent signals that are highly relevant for parents of infants who 
have no language as a means to express their emotions. Our study included mothers 
of preschoolers who can express their needs in ways beyond purely nonverbal means. 
We included age-appropriate stimuli with high ecological validity for parents with 
preschoolers, but these were not accompanied or followed by verbal comments. 
Adding verbal expressions could be considered in future research
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Conclusion
Overall, we conclude that the effect of the parenting support program VIPP-SD on 
neural activity was not accompanied by an intervention effect on parenting sensitivity 
in the current sample of families with twin preschoolers. The time required for neural 
changes to result in observable changes in complex behavior may be longer than the 
time window of the current study, or behavioral change may be more subtle than can 
be detected using a relatively small sample. Although our findings do not converge 
with those of previous studies, our uniquely strong study design strengthens our 
belief that our (null) findings will enrich the current scientific debate concerning 
mediation of behavioral intervention effects by changes in neurocognitive processes. 
At the very least they emphasize the complexity of bridging the brain-behavior gap 
in randomized interventions. Ultimately, publishing null findings will contribute 
substantially to scientific knowledge and stimulate scientific practice in moving 
toward replicable science, based on registered studies and open for outcomes that 
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Abstract
The quality of parenting greatly impacts child development, highlighting the 
importance of support programs that effectively improve parenting. Studies on 
successful intervention programs define their efficacy by gains in parenting and/or 
child development. However, much remains unknown about the internal processes 
that explain how parenting interventions bring about their effects. The aims of the 
current randomized-controlled study were to test whether the Video-feedback 
Intervention to promote Positive Parenting and Sensitive Discipline (VIPP-SD) 
improved maternal inhibitory control (1) and whether inhibitory control mediated 
any effects of VIPP-SD on maternal sensitive discipline (2). In total, 66 mothers of 
whom a random 33% received the VIPP-SD and the others a ‘dummy’ intervention 
participated in pre- and post-intervention assessments. Sensitive discipline was 
observed during a semi-structured limit-setting situation and inhibitory control 
was measured using a stop-signal task. Contrary to expectations, inhibitory control 
improved over time in the control group and sensitive discipline did not show the 
expected increase in the intervention group. Results did not support mediation. 
We suggest that the intervention may have induced cognitive restructuring of 
parenting schemas, delaying improvements in post-intervention inhibitory control 
and sensitive discipline. Factors that may be involved in parents’ susceptibility to 
interventions require attention in future work.




After the first year of life, parents of young children experience increased childrearing 
demands that appeal to their capacity to set gentle but firm limits in order to support 
children’s socialization (Patterson, 2002; Snyder & Stoolmiller, 2002). Several 
parenting support programs have been found to effectively enhance parenting 
practices and/or support positive developmental outcomes in children, including 
Incredible Years (Webster-Stratton, 2006; Gardner et al., 2019), the Attachment and 
Biobehavioral Catch-up (ABC; Dozier et al., 2017), Parent Management Training-
Oregon (PMTO; Forgatch & Patterson, 2010) and the Video-feedback Intervention to 
promote Positive Parenting and Sensitive Discipline (VIPP-SD; Juffer, Bakermans-
Kranenburg & Van IJzendoorn, 2017). The latter is the current study’s focus. It 
is particularly suited for parents with young children and has been shown to 
effectively enhance parental sensitivity and sensitive discipline (Juffer et al., 2017). 
Still, much remains unknown about the underlying mechanisms in, for example, 
parental neurocognition that account for positive changes in parenting behavior. 
In the current randomized-controlled study, including pre- and post-intervention 
assessments, we aimed to gain insight into maternal inhibitory control as a potential 
explanatory mechanism of expected intervention effects on maternal sensitive 
discipline. Insight into the factors that enhance positive parenting behavior help to 
reveal the effective components of intervention success. 
Parental Sensitive Discipline 
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development (e.g., Merz, Landry, Montroy, & Williams, 2017; Daniel, Madigan, 
& Jenkins, 2016; Newton et al., 2014; Van der Voort et al., 2014; Bernier, Carlson, 
Deschênes, & Matte-Gagné, 2012; Hammond, Müller, Carpendale, Bibok, & 
Liebermann-Finestone, 2012; Hughes, 2011). Parental sensitivity, the ability to 
accurately perceive and interpret child signals and provide prompt and adequate 
responses (Ainsworth, Bell & Stayton 1974), has frequently been found to be an 
important determinant of infants’ attachment security (Bakermans-Kranenburg et 
al., 2003; Verhage et al., 2016). In addition to sensitivity, parental sensitive discipline, 
i.e. setting gentle but firm limits, becomes important after the first year of life when 
infants enter toddlerhood (Juffer et al., 2017). In toddlerhood, the development of 
both cognitive and motor skills enables children to more actively engage with their 
environment as they start to explore the world and their autonomy. Consequently, 
toddlers increasingly need parental monitoring and firm but gentle limit-setting.
The concept of sensitive discipline is rooted in Patterson’s (1982) theory on coercive 
cycles, which states that difficult child behavior elicits harsh and inconsistent 
parenting, including corporal punishment, which subsequently leads children away 
from successful socialization (Patterson, 2002; Snyder & Stoolmiller, 2002). Sensitive 
discipline aims to prevent or break the development of coercive cycles. Research 
showed that effective discipline strategies, such as distraction, explaining rules and 
pointing out consequences of the child’s behavior (characteristics of an authoritative 
parenting style) predict less problematic behavior in children (Scott, Briskman & 
O’Conner, 2014; Pinquart, 2017). In contrast, ineffective discipline strategies such 
as commanding, psychological control, physical interference, disapproval, giving 
in and laxness (characteristics of authoritarian and permissive parenting styles) 
are related to more problematic behavior in children (Larzelere & Patterson, 1990; 
Patterson, 2002; Snyder & Stoolmiller, 2002; Martin, Kim, Bruce & Fisher, 2014; 
Pinquart, 2017; Ziv & Arbel, 2020). Problematic family life is difficult to change for 
the better once parenting styles have been established for some years, supporting 
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the persistence of negative parent-child interactions. As parenting experiences leave 
a lifelong signature on child development, research should focus on the prevention 
and/or reduction of parent-child negativity at an early stage through parenting 
support programs (Fisher & Skowron, 2017). 
The Video-feedback Intervention to promote Positive Parenting and Sensitive Discipline
The parenting support program VIPP-SD (Juffer et al., 2008; 2017) is specifically suited 
for parents of young children and aims to enhance their sensitive discipline strategies. 
The intervention is both standardized and individualized as the intervention follows 
a strict protocol, but the video footage used is recorded in the participating families 
and is unique to each family. The VIPP-SD program has been found to be effective 
in enhancing parental sensitivity and sensitive discipline (combined effect size d = 
0.47) as evidenced by a meta-analysis including twelve randomized controlled trials 
(Juffer, et al., 2017). The VIPP-SD is rooted in two research traditions: Bowlby’s (1980) 
attachment theory and Patterson’s theory of coercive cycles (Patterson, 1982). When 
noncompliance elicits ineffective discipline strategies, a rigid negative interaction 
pattern between parent and child will be established (Patterson, 2002), which will 
become increasingly difficult to change for the better over time. The VIPP-SD aims 
to enhance parental sensitivity and sensitive discipline to prevent or reduce coercive 
cycles between parent and child, thereby prevent or reduce escalating parent-child 
conflicts, and to promote attachment security (Juffer et al., 2017). 
The intervention consists of six home-visits in which four themes targeting parental 
sensitivity are covered (Exploration versus attachment behavior, Speaking for the 
child, Sensitivity chain and Sharing emotions) and four themes that target sensitive 
discipline (Inductive discipline and distraction, Positive reinforcement, Sensitive time-out 
and Empathy for the child). Parental sensitive discipline appeals to parents’ capacity 
to regulate their own behavior as it is elicited by challenging, noncompliant child 
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of challenging child behavior and effective limit setting strategies. To succeed at 
implementing such strategies, inhibitory control capacities might be of particular 
importance as parents need to regulate (inhibit) their own negative emotions and 
behavioral responses, and remain child-focused, watch the child carefully, and wait 
patiently for opportunities to regulate their children’s behavior accordingly. There 
is no simple answer as to why some parents are more competent in using positive 
parenting strategies than others. However, parents’ ability to control their own 
emotions and cognitions, capacities that rely heavily on executive functioning, may 
play a central role in effective parenting practices (Crandall, Deater-Deckard & Riley, 
2015). 
Cognitive capacities and parenting
Executive functioning (EF) is a multidimensional concept that describes a set 
of cognitive processes such as inhibitory control, cognitive flexibility, working 
memory, planning, and emotion- and self-regulation (Alvarez & Emory, 2006). These 
processes facilitate, guide and maintain goal-directed behavior over impulsivity. 
Complex human behavior such as parenting involves goal-directed behavior that 
requires constant adaptation to childrearing demands. Successful parenting thus 
involves EF and several studies have shown that lower levels of parental EF are 
related to negative parenting practices such as harsh and controlling parenting 
behavior (Deater-Deckard, Wang, Chen, & Bell, 2012; Crandall, Deater-Deckard 
& Riley, 2015; Bridgett, Kanya, Rutherford & Mayes, 2017), whereas higher levels 
of EF relate to more positive parenting practices (Chico, Gonzales, Ali, Steiner, & 
Fleming, 2014; Crandall et al., 2015). Moreover, EF has been found to moderate the 
relation between household chaos and harsh parenting (Park & Johnston, 2020). One 
of EF’s key elements is inhibitory control, which refers to the ability to willfully 
suppress or withhold prepotent/automatic responses (Li, Chung, Vanyukov, 
Wood, Ferrell, & Clark, 2015). Deficits in inhibitory control are related to addictive 
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and impulsive behavior (Argyriou, Davidson, & Lee, 2017), psychiatric conditions 
(i.e., ADHD; Overtoom et al., 2002 and OCD; Chamberlain , Fineberg, Blackwell, 
Robbins, & Sahakian, 2006) and child maltreatment (Crandall, , 2015). Higher levels 
of inhibitory control facilitate behavior regulation, which in the context of parenting 
may play a role in the extent to which parents regulate (negative) reactive/automatic 
responses in the presence of child misbehavior and noncompliance (Kienhuis et 
al., 2010; Deater-Deckard et al., 2012). Research showed that when childrearing 
demands increase, inhibitory control mediates the relation between socioeconomic 
risk and the quality of caregiving (Sturge-Apple, Jones, & Suor, 2017), highlighting 
the importance inhibitory control in stressful parenting situations. The current study 
describes a sample of mothers with four-year-old same-sex twins who may perceive 
more parenting stress and parenting difficulty compared to mothers of singletons 
(Oliveness, Golombok, Ramogida & Rust, 2005; Lutz et al., 2012; Andrade, Martins, 
Angelo & Martinho, 2014). Two same-aged young children who appeal to parental 
attention increase childrearing demands. Thus, inhibitory control may be of 
particular relevance in this group.
Inhibitory control as a mediator in the association between VIPP-SD and sensitive discipline
The basis for positive parenting behavior may be found in the interaction between 
cognitive skills and childrearing demands (Crandall et al., 2015). Most parenting 
support programs aim to enhance parenting skills by behavior training and 
define their efficacy in terms of improved parenting skills and/or positive child 
development. Parental EF and self-regulation as contributors to the gains observed 
in parenting behavior and child development are often overlooked (Crandall et al., 
2015; Schaffer & Obradovic, 2017). However, it has been suggested that parenting 
skills are more likely to improve and be sustained when interventions address 
parental self-regulation and cognitive capacities in addition to parenting behavior 
(Azar, Reitz, & Goslin, 2008; Bugental & Schwartz, 2009; Zimmer-Gembeck et al., 
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operate through (cognitive and/or emotional) control capacities. Preliminary 
evidence that parenting interventions improve neurocognitive control indeed point 
in that direction, as a recent study found improved stop signal performance (i.e. 
inhibitory control) and associated neural changes after a parenting video-coaching 
program (Giuliani, Beauchamp, Noll, & Fisher, 2019). As inhibitory control is 
central to cognitive processes that facilitate and regulate goal-directed behavior 
and regulation of negative responses in the context of challenging child behavior 
constitutes a specific target of the VIPP-SD, it seems reasonable to argue that changes 
in parental sensitive discipline induced by the VIPP-SD may result from changes in 
inhibitory control. 
Current study
Our aim was to investigate whether the VIPP-SD affects parental sensitive discipline 
through improved inhibitory control as measured with a stop-signal task in a sample 
of mothers with same-sex twins. Our general research question concerned mediation: 
whether inhibitory control functions as a mediator of VIPP-SD effects on sensitive 
discipline. To investigate this question, we formulated two hypotheses: we expected 
that the VIPP-SD program would improve inhibitory control (1) and that the VIPP-
SD would enhance sensitive discipline through improved inhibitory control (2). Our 
study was preregistered (Kolijn et al., 2017) and throughout the paper we will note 




The Leiden Consortium on Individual Development (L-CID) preschooler project 
is a longitudinal intervention study including families with twins that were 3- to 
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4-years old at the time of inclusion (for details on the design see Euser et al., 2016). 
The current study reports on a random subsample of mothers who were invited to 
participate in a specific part of the study focusing on parental inhibition and EEG/
ERP measures (see Kolijn et al., 2017; 2020): A total of 66 mothers (22 mothers in the 
intervention group and 44 mothers in the control group) were willing and eligible 
to participate in two additional assessments. As summarized in Table 1, mothers 
were on average 37.29 years old (SD = 4.31) and their typically developing same-sex 
twins were on average 4.66 years old (SD = 0.60, 52% girls) at the time of the current 
study’s first assessment (i.e., the pre-test sensitive discipline; Figure 1). Most of the 
participants were married or in a registered partnership (73%), highly educated 
(77% had at least an undergraduate degree) and born in the Netherlands (92%). 
As registered, our aim was to include 100 participants. However, because we 
added a pre-test assessment, we could only invite the families who were not yet 







Sample characteristics M (SD) M (SD) M (SD)
Age mother at T0 37.95 (4.31) 37.64 (4.23) 38.10 (4.38)
Age twin at T0 5.30 (0.60) 5.23 (0.65) 5.33 (0.58)
Age mother at T3 4.13 (3.51) 4.96 (5.35) 3.75 (2.20)
Age twin at T3 26.54 (5.20) 24.46 (4.29) 27.58 (5.34)
% % %
Middle SES 38 36 39
High SES 55 59 52
Single parent 5 5 5
Twin girls 52 50 52
MZ twins 58 68 52
Covariates M (SD) M (SD) M (SD)
BSI – internalizing symptoms 26.54 (5.20) 24.46 (4.29) 27.58 (5.34)*
ATQ – Orienting Sensitivity 4.26 (0.78) 4.31 (0.71) 4.24 (0.82)
ATQ – Effortful Control 4.94 (0.61) 5.00 (0.64) 4.92 (0.60)






Medication study: VIPP-SD, inhibitory control, sensitive discipline
randomized to either the intervention or control group in the larger L-CID study. 
This was the case for 119 families of which 66 were willing and eligible to participate 
in the current assessments (see Kolijn et al., 2020 for details). Exclusion criteria were 
neurological and psychiatric disorders and use of psychoactive medication. There 
were no differences in background variables (i.e., marital status, maternal education, 
family SES, twin gender and twin zygosity; all ps ≥ .10) between mothers who did (n 
= 66) and mothers who did not meet the inclusion criteria or declined to participate 
(n = 53).
Procedure
In the larger study, families are followed for 6 years with yearly assessments, resulting 
in 6 waves of data collection: two pre- and four post-intervention assessments (Euser 
et al., 2016). After the first two pre-tests and before randomization, mothers in the 
current sub-sample were asked to participate in the two additional assessments 
of the current study. After the second pre-test (i.e., in between waves 2 and 3), 
families were randomized to either the VIPP-SD program or a dummy intervention 
consisting of six phone calls (see below). The current study includes data from four 
L-CID assessments: Wave 2 sensitive discipline data (pre-intervention; first green 
box in Figure 1), pre- and post-maternal inhibitory control data from the additional 
assessments (yellow boxes in Figure 1) and Wave 3 sensitive discipline data (post-
intervention; second green box in Figure 1). All visits took place at Leiden University. 
Sensitive discipline was observed during the yearly visits in which the parent and 
both children took part. Maternal inhibitory control data was collected during two 
identical visits (mother only) during which mothers completed several tasks; a face 
processing paradigm, a stop-signal task to measure inhibitory control –both tasks 
included EEG-recordings– and an emotion recognition task. 
In contrast with the aims described in our study protocol, the current study does not 
report on the neural correlates of inhibitory control, because insufficient artifact-free 
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EEG data were available (due to excessive artifacts, particularly during unsuccessful 
inhibition) to allow for statistical analyses. Therefore, we only report on behavioral 
data. Trained research assistants collected the data during all visits and were blind 
to the participants’ experimental condition. Informed consent was obtained at the 
start of the L-CID study and participants signed informed consent for the additional 
measures at the start of the pre-test visit. At the end of each visit, the participants 
received financial reimbursement (€50 for each yearly visit, €20 for each parent-only 
visit, and travel-expenses) and the children received a small present at each yearly 
visit. The Institutional Review Board of Leiden University’s Institute of Education 
and Child Studies and the Central Committee on Research Involving Human 
Subjects in the Netherlands (CCMO) approved all assessments. 
Figure 1. Sequence of the assessments.
Intervention program
The VIPP-SD (Juffer et al., 2008; 2017) consists of a total of six home visits. After a 
start-up visit, an intervener visits the participating families at home for 5 bi-weekly 
visits during which parent-child interactions are videotaped. Using the video footage 
of the previous visit, parent and intervener reflect on the parent-child interaction. 
The intervener prepares the feedback in between the visits after analyzing the 






Medication study: VIPP-SD, inhibitory control, sensitive discipline
to establish a supportive relationship between the parent and intervener. During the 
later visits (3-5), besides positive feedback, corrective messages on more challenging 
videotaped interactions are provided. To successfully implement the VIPP-SD in 
the current study, the VIPP-SD manual was adapted for use in families with twins 
(see Euser et al., 2016 for details). All interveners were extensively trained by 
certified VIPP-trainers in using the VIPP-SD version 3.0 manual (Juffer, Bakermans-
Kranenburg, & Van IJzendoorn, 2015) and conducting home visits with twins. On 
average, mothers who participated in the VIPP-SD program completed 5.63 out of 6 
visits (SD = 0.96, n = 19; 3 participants did not start the intervention).
Control condition
A dummy intervention was used to control for the potential effect of interacting 
with an expert. Using a standardized semi-structured format, trained researchers 
interviewed mothers over the phone about their twins. To prevent overlap with the 
VIPP-SD, the interview topics concerned the general development of the twins. On 
average, the control group completed 5.89 out of 6 phone calls (SD = 0.32, n = 44), 
which was not different from the number of visits completed by the intervention 
group (p = .27).
Measures 
Sensitive Discipline. To measure sensitive discipline, parent-child dyads were 
observed during the don’t touch task – a compliance task (Kochanska & Aksan, 
1995; van der Mark, Bakermans-Kranenburg, & Van IJzendoorn, 2002). This task 
elicits parental discipline behavior as the parent instructs the child to refrain from 
playing with or even touching a collection of attractive toys. We collected data on 
the don’t touch task when the dyad was present in the laboratory’s observation 
room. An experimenter came into the room and handed the parent a plastic 
instruction card before providing them with a bag full of attractive toys. The 
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instruction card explained that the parent should unpack the bag, but the child 
was not allowed to touch any of the toys for two minutes. After two minutes, 
the child was allowed to play with only the least attractive toy for another two 
minutes. The task finished with the dyad playing together with all the toys for a few 
minutes. Parents performed the task twice, once with each co-twin. We videotaped 
all interactions and coded them afterwards for parental discipline behavior. 
 We used two revised Erickson scales (Egeland, Erickson, Clemenhagen-
Moon, Hiester, & Korfmacher, 1990): the 7-point rating scale for supportive presence 
(1 = parent completely fails to set positive limits, 7 = parent is skillful in providing 
positive limit setting throughout the session) and the 5-point rating scale for physical 
interference (1= parent does not interfere physically, 5 = parent often interferes physically). 
In total, 5 coders –trained by an expert coder– were involved in coding the videos 
for the pre-test and 7 coders for the post-test. Videos of co-twins and videos from the 
same family in different assessments were never coded by the same coder. For the 
pre-test, the mean intercoder reliability (ICC, single measure, absolute agreement) 
for supportive presence was .74 (range .71 - .79) with the expert coder and .76 among 
all coders (n = 48). For physical interference these figures were .88 (range .85 - .90) 
and .89 respectively. For the post-test, the mean ICC for supportive presence was 
.79 (range .73 - .88) with the expert coder and .81 (range .67 - .87) among coders (n = 
50). For physical interference these figures were .88 (range .80 – .92) and .92 (range 
.85 – .95) respectively. The don’t touch task was conducted per dyad and thus every 
mother received two scores for supportive presence (one with each co-twin) and two 
scores for physical interference (one with each co-twin). For interpretation purposes, 
the physical interference scale was reversed so that higher scores represented higher 
levels of sensitive discipline on both scales. Parental supportive presence with each 
of their co-twins was significantly correlated (r = .56, p = < .01 for the pre-test and 
r = .46, p < .01 for the post-test). Physical non-interference was also significantly 
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Averaging the co-twin scores, we created one score for supportive presence and one 
score for physical non-interference per assessment. Parental scores for supportive 
presence and physical non-interference were significantly correlated per assessment 
(r = .37, p = < .01 for the pre-test and r = .39, p = < .01 for the post-test). Therefore, the 
scores were standardized and averaged, resulting in one pre-test and one post-test 
score for sensitive discipline. The data were approximately normally distributed, 
and no outliers were present (no z-scores > 3.29 or < – 3.29).
Inhibitory control. Using E-prime 2.0, we designed a two-choice reaction time stop-
signal task with tracking procedure. The task consisted of 5 blocks, starting with a 
training block (16 trials: 4 stop trials, 12 go trials), followed by 4 test blocks of 100 
trials each (25 stop trials, 75 go trials). By including more go- than stop trials, the 
task elicited prepotent rapid motor responses to go-signals. The stimuli were green 
(“go”-signal) and red (“stop”- signal) arrows pointing either left or right. Every 
trial started with a white fixation cross (duration: 800 – 1200 ms, varying randomly) 
on a black background followed by a green arrow. On go-trials the green arrow 
was presented until participants responded, with a maximum of 1500 ms. The task 
continued if participants failed to respond within 1500 ms and these events were 
marked as go omissions. Participants responded by pressing a button on a 4-key 
response pad: key 1 (most left key on the pad) for arrows pointing left and key 
4 (on the far right of the pad) for arrows pointing right. A minority of trials were 
stop trials (25%) in which the green arrow was followed by a red arrow (pointing 
in the same direction) indicating that participants should withhold (i.e., inhibit) 
their response. The stop signal delay (SSD) –the time between the onset of the green 
arrow and appearance of a red arrow– was set to 250 ms at the start of the task and 
increased by 50 ms following each successful inhibition of a response and decreased 
by 50 ms after each unsuccessful inhibition of a response. In other words, the SSD 
was adapted to participants’ performance, making the task more difficult following 
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inhibitory success and less difficult following inhibitory failure. This procedure was 
implemented to approach a 0.50 probability of responding on a stop trial, increasing 
the unpredictability of stop signal occurrence and decreasing participants’ 
tendency to wait for it. The trials were presented in a quasi-random order with 
a maximum of six consecutive go trials and a maximum of two consecutive stop 
trials. Participants were instructed to respond as fast as possible and at the same 
time try to make as few mistakes as possible. After every 100 trials there was a break 
in which the experimenter came in and repeated the instructions. During the task 
participants were seated at a desk in front of a computer screen and response box. 
 The Stop Signal Reaction Time (SSRT) reflects the latency of inhibitory control 
with faster inhibition reflecting greater skill (Logan & Cowan, 1984). Excluding the 
practice block, we calculated the average SSRT over the four test blocks for use in 
subsequent analyses. To obtain reliable SSRTs the “horse race model assumption” 
that reaction time (RT) on unsuccessful stops is not longer than RT on go trials 
(Logan & Cowan, 1984) should be met (Band, van der Molen & Logan, 2003). As 
recommended by Verbruggen et al. (2019), we first checked this assumption by 
comparing the mean RT on go trials with the mean RT on unsuccessful stop trials 
for each individual participant. The assumption was violated for one participant 
at the pre-test. However, when examining this participant’s individual blocks this 
was true for the first test block only. Therefore, we calculated her SSRT across the 
remaining three test blocks (= 300 trials). Next, we checked whether the probability of 
responding on stop trials was within the range of 0.25 to 0.75 (considered acceptable 
when aiming for 0.50, see Congdon et al., 2012). This was the case for all participants. 
Following guidelines reported in Verbruggen et al. (2019), we then computed SSRT 
for each participant using the integration method, in which go omissions (i.e., 
failing to respond on go trials) were replaced by the maximum RT of 1500 ms. The 
integration method uses the nth RT – the RT in the go-RT distribution that equals 
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every participant by subtracting the mean SSD from the nth RT (Verbruggen et al., 
2019). After winsorizing (Tabachnick & Fidell, 2013) two outliers (one at the pre-test, 
z = 3.71, and one at the post-test, z = -3.85), the data were normally distributed (see 
Table 2 for means and standard deviations). Although SSRT is the main parameter 
for inhibitory control, the stop-signal task also produces several other parameters: 
the probability of go omissions, the probability of choice errors on go trials (that 
is, pressing the wrong button given the direction of the arrow), the probability of 
responding on stop trials, the average RT on go trials (calculated with go omissions 
replaced by max RT of 1500ms), the average RT of responses on stop trials (i.e., 
unsuccessful stops) and the average SSD (see Table 2 for descriptive statistics). 
We found six outliers on the performance parameters (pre-test probability of go 
omissions [z = 4.77, z = 3.96], pre-test probability of choice errors [z = 7.96], post-test 
probability of go omissions [z = 4.35, z = 3.87], and post-test probability of choice 
errors [z = 4.29]) that were winsorized.
Covariates. We included three covariates in the analyses: the Brief Symptom 
Inventory (BSI; Derogatis, 1993), to measure self-reported psychopathological 
symptoms, and two dimensions of the Adult Temperament Questionnaire (ATQ; 
Derryberry & Rothbart, 1988); Orienting Sensitivity (OS) and Effortful Control 
(EC). BSI scores were included to control for the pre-existing group difference 
(Mintervention = 24.46, Mcontrol = 27.58; t [64] = 2.38, p = .02) and temperament scores were 
included because of potential confounding effects (means and standard deviations 
are presented in Table 1). ATQ data were missing for five participants (three in the 
control group and two in the intervention group); we imputed their scores with 
the mean of the group they were assigned to. There was no significant correlation 
between the OS- and EC-scale (r = -.17, p = .18). 
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Statistical analyses 
Post-test SSRT data was missing for six mothers (three in the intervention group 
and three in the control group), five did not participate in the post-test and one 
participants’ session was aborted due to illness. Post-test sensitive discipline was 
missing for two participants (both in the control group). We imputed these data in 
a conservative way by carrying the last observation forward (i.e., the pre-test, see 
Little & Yau, 1996). Three participants did not start the intervention due to time 
constraints or personal circumstances. We analyzed them in the group to which 







M (SD) M (SD) M (SD)
Pre-test
p(go omission) 2.92 (5.25) 1.97 (4.87) 3.39 (5.42)
p(choice error|go trials) 0.57 (0.86) 0.80 (1.09) 0.45 (0.71)
p(respond|stop trial) 53.47 (3.32) 52.77 (2.89) 53.82 (3.49)
RT on go trials 730.73 (284.68) 713.46 (287.67) 739.37 (286.12)
RT go on stop trials 624.29 (256.25) 621.78 (280.45) 625.54 (246.67)
SSD 528.62 (294.38) 514.05 (317.84) 535.91 (285.48)
Nth RT 752.66 (322.84) 726.61 (325.74) 765.68 (324.36)
SSRT 223.05 (56.31) 212.56 (34.62) 228.29 (64.21)
Sensitive Discipline 0.00 (SE = 0.10) -0.04 (SE = 0.15) 0.02 (SE = 0.13)
Post-test
p(go omission) 1.74 (3.74) 1.20 (3.53) 2.01 (3.86)
p(choice error|go trials) 0.50 (0.70) 0.71 (0.98) 0.39 (0.48)
p(respond|stop trial) 52.27 (2.87) 52.09 (2.27) 52.36 (3.15)
RT on go trials 708.72 (263.67) 700.26 (284.82) 712.95 (255.77)
RT  on stop trials 613.78 (242.78) 615.08 (267.30) 613.13 (232.81)
SSD 529.39 (289.68) 499.95 (303.44) 544.11 (284.98)
Nth RT 720.10 (294.16) 703.91 (302.90) 728.20 (292.90)
SSRT 191.05 (43.61) 203.95 (32.35) 184.60 (47.29)
Sensitive Discipline (SD) 0.00 (SE = 0.10) -0.19 (SE = 0.16) 0.09 (SE = 0.13)
Note: p = probability and the values represent percentages. Sensitive Discipline is the composite score of 
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they were randomly assigned, in accordance with the intent to treat (ITT) approach 
(Gupta, 2011).
Before testing our hypotheses regarding sensitive discipline and SSRT, we performed 
preliminary analyses (not registered) to test for time and/or experimental condition 
effects on the other performance parameters produced by the stop-signal task. We 
used a total of six (one for every parameter) repeated measures analyses of variance 
(RM-ANOVA) with each performance parameter as dependent variable, time (2 
levels: pre- and post-test) as within-subjects variable and experimental condition 
(i.e., intervention or control group) as between-subjects variable. 
To test our first registered hypothesis - whether the intervention improved inhibitory 
control – we used a repeated measures analysis of covariance (RM-ANCOVA) with 
SSRT as dependent variable, time (2 levels: pre- and post-test) as within-subjects 
variable, experimental condition (i.e., intervention or control group) as between-
subjects variable, and BSI, OS and EC scores as covariates. 
We tested our second registered hypothesis –whether gains in inhibitory control as 
measured by SSRTs mediate intervention effects on sensitive discipline– using Hayes’ 
(2018) moderated mediation analysis (Process model 10; statistical model in Figure 
2). In this analysis, post-test sensitive discipline was the outcome variable, post-test 
SSRT the mediator, and pre-test SSRT and pre-test sensitive discipline were modeled 
as moderators. The independent variable experimental condition was coded 0 for 
the control group and 1 for the intervention group. The analysis produces indices 
of partial moderated mediation, which indicate whether a moderator (SSRT [W] or 
sensitive discipline [Z]) is related to the size of the indirect effect (i.e., effect of the 
intervention on post-test sensitive discipline through post-test SSRT), independent 
of the other moderator (Hayes, 2018). An intervention effect on SSRT (the mediator) 
can appear as a significant interaction term X*W and/or a significant main effect 
of experimental condition. Similarly, an intervention effect on sensitive discipline 
(the outcome) can manifest itself as a significant interaction term X*Z and/or a 
significant main effect of experimental condition. Moderated mediation effects were 
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tested using the percentile bootstrap method with 10,000 runs, and the continuous 
variables were centered before the analysis by subtracting the total sample mean 
from every individual score. 
Testing the total effect of the intervention on sensitive discipline with α = .05 in a 
sample of 66 mothers, the power to detect a medium-sized effect (X*Z) is .53 (G*Power 
3.1.9.2; Faul, Erdfelder, Buchner & Lang, 2009). The power to detect mediation is at 
least similar, and often larger than the power to detect the overall effect (Kenny & 
Judd, 2014). The moderated mediation analysis models our research question most 
closely, however not to a full extent as the analysis fails to take the effects of both 
moderators at the same time (i.e., pre-test inhibitory control and pre-test sensitive 
discipline) into account. In addition, many coefficients that are not relevant for our 
research question (dotted lines Figure 2) are estimated (i.e., affecting the power of 
the analysis), which is undesirable given our relatively small sample. Therefore, 
we also performed a two-condition mediation analysis using Montoya & Hayes’ 
(2017) MEMORE macro as an additional check for mediation per experimental 
group. The findings, similar to our main findings reported below, are provided in 
the supplementary materials.
To test the robustness of our findings, we repeated the main analyses three times: 
including complete cases only (1), with missing data imputed with the average of the 
group the participant was randomly assigned to (2), and excluding the participants 
who reported to use psychoactive medication (3). The findings resulting from the 
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effects of time on the probability of go omissions (F [1,64] = 5.87, p = .02, ηp2 = .08) and 
on the probability of responding on stop trials (F [1,64] = 5.57, p = .02, ηp2 = .08), both 
were lower at the post-test which is indicative of improvement over time. There was 
an effect of experimental condition on the probability of choice errors (F [1,64] = 4.04, 
p < .05, ηp2 = .06), that is the percentage of wrong button presses given the direction 
of the arrow, which was higher in the intervention group (M = 0.76%, SD = 0.87) 
than in the control group (M = 0.42%, SD = 0.49). The means show, however, that 
the frequencies of choice errors were very low, namely less than 1% in both groups. 
Moreover, post-test probability of choice errors was unrelated to post-test SSRT (r = 
-.06, p = .62). Therefore, probability of choice errors was not included as covariate in 
further analyses. There were no other main or interaction effects (all Fs ≤ 1.01, all ps 
≥ .32, all ηp2 ≤ .02). 
Intervention effect on inhibitory control (Stop Signal Reaction Time)
Results are depicted in Figure 3. The RM-ANCOVA revealed an intervention effect 
on SSRT as evidenced by a significant interaction effect of Time*Condition F(1,63) 
= 6.53, p = .01, ηp2 = .10. Furthermore, there was a (large) main effect of Time F(1,61) 
= 14.49, p = < .01, ηp2 = .19, with a decrease in SSRT over time. Finally, we found a 
main effect of the ATQ scale Orienting Sensitivity F(1,61) = 8.15, p = .01, ηp2 = .12, 
with higher scores on Orienting Sensitivity correlating to higher SSRT scores (r = 
.26, p = .04). No other main or interaction effects were present (all Fs ≤ 1.34, all ps ≥ 
.25 and ηp2 = ≤ .02). To explore the Time*Condition interaction, we performed two 
paired samples t-tests; one for each group. The results showed a significant decrease 
in SSRT scores (i.e., improved inhibition) over time in the control group (t[43] = 5.02, 
p < .01), but the SSRT scores in the intervention group did not significantly change 
over time (t[21] = 1.10, p = .29). 
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Figure 3. Time by group interaction on SSRT, showing a significant decrease (i.e., improved inhibitory 
control) over time in the control group only.
Moderated mediation analysis 
The moderated mediation analysis (including covariates BSI and ATQ scales) 
showed the intervention effect on SSRT scores in a significant difference on post-test 
SSRT between the intervention and control group (b = 26.46, p = .02), with lower 
SSRT (i.e., better inhibition) in the control compared to the intervention group. In 
addition, there was an intervention effect on post-test sensitive discipline, evidenced 
by a significant interaction between experimental condition and pre-test sensitive 
discipline (b = -0.50, p = .04 [X*Z interaction in Figure 2 panel C]). This interaction 
suggests that the intervention and control group differed significantly in the change 
in sensitive discipline from pre-test to post-test, with decreasing scores (i.e., less 
sensitive discipline) over time in the intervention group compared to the control 
group (see Figure 4). Finally, we did not find evidence for the mediation hypothesis: 



































































































































































































































































































































not significant (b = 0.00, p = .19), and neither were the indices of partial moderated 
mediation (pre-test SSRT [b = 0.00, bootstrapped SE = 0.0008, 95% confidence interval 
(CI): -0.0013 - 0.0200] and pre-test sensitive discipline [b = 0.01, bootstrapped SE = 
0.04, 95% (CI): -0.08 – 0.10]). 
Figure 4. Effect of time on Sensitive Discipline. In comparison to the control group, sensitive discipline 
scores in the intervention group decreased over time.
Discussion
Previous research showed that the VIPP-SD effectively enhanced maternal sensitivity 
as well as maternal sensitive discipline (Juffer et al., 2017). The current study 
specifically focused on sensitive discipline, as we included a sample of mothers with 
children of preschool age, a developmental period characterized by increased child 
noncompliance, and because parental inhibitory control seems particularly relevant 
in the context of dealing with noncompliant and challenging child behavior. Our aim 
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the VIPP-SD on maternal sensitive discipline, the ability to effectively respond to 
children’s noncompliance and misbehavior by setting firm limits in a gentle manner. 
Because this intervention trains mothers to pause (i.e., inhibit initial negative 
responses), observe and understand their child and respond accordingly, our first 
hypothesis was that the intervention would enhance inhibitory control, visible as 
a decline in SSRTs over time. Our second hypothesis was that improvements in 
sensitive discipline observed during parent-child interaction could be explained by 
improved inhibitory control. However, our hypotheses were not confirmed. 
 First, although inhibitory control improved over time (corresponding to 
previous research on practice-related improvements in inhibitory control; Manuel, 
Bernasconi, & Spierer, 2013; Berkman, Kahn, & Merchant, 2014; Mansouri et al., 
2017; Roos et al., 2017; Hartmann, Wachtl, de Lucia, & Spierer, 2019), this effect 
was observed in the control group only. In fact, no significant reduction in SSRT 
from pre-test to post-test was observed in the intervention group, indicating that 
the intervention prevented or interfered with a time/practice-related improvement 
in inhibitory control. A factor that is often called upon to explain unexpected or 
contradictory findings is variation in motivational context that contaminates the 
measurement of inhibitory control, leading to incorrect conclusions. Although 
motivational tendencies may very well play a role in stop-signal task performance, 
e.g. causing slower SSRT scores when participants favor correct stopping (i.e., make 
as few mistakes as possible) over responding as fast as possible (Leotti & Wager, 
2010), it is unlikely that motivational tendencies underlie our finding. There were 
no differences between the groups on relevant performance parameters such as 
reaction time and the probability of responding on stop trials. In addition, both 
groups responded highly accurately on go-trials. In fact, accuracy was even slightly 
higher in the control group than in the intervention group.
Rather, the paradoxical effects observed here might result from the complexity of 
cognitive changes produced by the intervention. The intervention increases mothers’ 
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awareness of their children’s as well as their own behavior, and requires them to 
reinterpret, reevaluate and restructure their behavioral repertoire. Such processes 
involve cognitive restructuring of (parenting) schemas (Azar, Nix, & Makin-Byrd, 
2005), and integrating new information with prior knowledge (Lee & Seel, 2012) in 
order to modulate goal-directed behavior accordingly. This requires mental effort, 
and complex changes to cognitive architecture or a coordinated set of skills may come 
at initial cost to the individual operation of any or all of its constituent components 
(Bandura, 1978), before integration leads to improved functioning (Hayes & Wilson, 
1995; Schunk, 2012; Clark, 2013). Thus, we speculate that restructuring of cognitive 
schemas interfered with the ‘normative’ time/practice-induced improvement in 
inhibitory control that we observed in the control group. For future studies, it is 
important to include long-term follow-ups to see whether those reveal the expected 
improvements in inhibitory control after the VIPP-SD.
Second, we did not find evidence for our mediation hypothesis that intervention 
effects on sensitive discipline would be induced through improvements in inhibitory 
control. In contrast to our expectations, the intervention group did not show the 
expected increase in sensitive discipline scores at the post-test. Again, the timing 
of changes in complex processes, such as restructuring, could have played a role 
here. If the intervention indeed affected parenting schemas, mothers’ parenting 
beliefs and parental confidence, both positively related to parenting behavior 
(Morawska & Sanders, 2007; Schofield & Weaver, 2016), could be affected and result 
in temporary discomfort or hesitance about discipline strategies. This could be of 
particular relevance during a challenging situation like the don’t touch task that 
strongly appeals to maternal discipline strategies; a possible explanation for our 
sensitive discipline findings. Again, long-term follow-ups might show increased 
sensitive discipline and reveal a sleeper effect in the current sub-sample and, most 
importantly, in the larger sample studied of the L-CID preschooler project. 
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effects depending on the population that is examined. The current sample could 
be characterized as advantaged (i.e., high-SES as indicated by educational level, 
non-clinical and not at-risk) whereas most of the previous studies that have shown 
positive effects of the intervention included disadvantaged samples (i.e., low-SES, 
and/or high-risk/clinical). Indeed, the meta-analysis that reported on the VIPP-SD’s 
effect size included mainly low-SES, high-risk and/or clinical samples (Juffer et al., 
2017). Parenting research has shown that middle- to high-SES families experience 
fewer family problems of all sorts (Hoff, Laursen, & Tardif, 2002), whereas low-SES 
is associated with more disadvantaged family functioning (see Roubinov & Boyce, 
2017). Furthermore, the frequency of coercive cycles is found to be low in high-SES 
families (McGrath & Elgar, 2015) as are ineffective parenting behaviors that establish 
and maintain coercive cycles. Low-SES is found to be related to more harsh parenting 
(Pinderhughes, Dodge, Bates, Pettit, & Zelli, 2000; Jansen et al., 2012 in mothers 
only), corporal punishment (Ryan, Kalil, Ziol-Guest, & Padilla, 2016) and ineffective 
parenting practices (Coolahan, McWayne, Fantuzzo, & Grim, 2002). In addition, 
high-SES is related to parents being more knowledgeable about child development 
and parenting skills (Benasich & Brooks-Gunn, 1996; Morawska, Winter, & Sanders, 
2009). Interestingly, studies on learning processes have revealed that instructional 
interventions have differential effects depending on the learner’s prior knowledge 
(Wetzels, Kester, & van Merrienboer, 2011; Kuldas, Satyen, Ismail, & Hashim, 2014), 
being effective in ‘novice’ learners but sometimes ineffective or even harmful in more 
knowledgeable ‘experts’ (Kalyuga, Ayres, Chandler, & Sweller, 2003). The VIPP-SD 
may similarly not have produced the expected effect on sensitive discipline behavior 
in the current study. Although parenting interventions may differ in efficacy along 
the gradient of family SES (McCart, Priester, Davies, & Azen, 2006; Deković et al., 
2011), the relationship between SES and parenting is complex (Roubinov & Boyce, 
2017). Although it remains essential to evaluate the VIPP-SD’s behavioral effects in 
the larger L-CID sample (as the current study reports on a subsample), the current 
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study highlights the importance of examining family SES as a potential moderator 
of parenting intervention effects in larger samples with a more varied socioeconomic 
background. 
Considerations for future research
In addition to inhibitory control, several other factors may be considered as 
explanatory mechanisms in parenting support program efficacy. For instance, stress 
reactivity in terms of perceived stress, cortisol reactivity and (re)activity of the 
autonomic nervous system is a likely candidate, especially given that stress moderates 
the relation between cognitive control capacities (EF) and parenting quality (Monn 
et al., 2017) and given the benefits of parenting interventions in distressed families 
(Gardner et al., 2017). Moreover, stress may be of particular relevance for parenting 
in twin families given the prevalence of stress among parents of twins (Oliveness, 
Golombok, Ramogida & Rust, 2005; Lutz et al., 2012; Andrade, Martins, Angelo & 
Martinho, 2014). In addition, emotion regulation uniquely predicted less positive 
and collaborative parent-child interactions in a diverse sample of parents and 
kindergarten-age children (Schaffer & Obradovic, 2017), suggesting that emotion 
regulation might be a relevant factor when investigating mediating mechanisms of 
VIPP-SD effects on sensitive discipline in particular.
Potential moderators of intervention efficacy also deserve attention, including 
parents’ willingness to participate (Spoth, Redmond, & Shin, 1998; Baydar, Reid, & 
Webster-Stratton, 2003), initial problem severity (Hautmann et al., 2010; Leijten et 
al., 2013) and clinical characteristics of the sample (Weisz, Sandler, Durlak, & Anton, 
2005). To gain a better understanding of parental susceptibility to intervention 
efforts, it is important to examine factors that may moderate and/or mediate 
intervention efficacy. Naturally, future studies should include samples large enough 
to detect behavioral effects (Taborsky, 2010). Although our within-subject design 
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sample was relatively small and power not high. Our own continuing analysis of 
intervention effects within the larger LCID sample will be of pivotal importance in 
determining whether the VIPP-SD results (in the short or long run) in positive gains 
in parents’ sensitive disciplining behavior. Recruitment deserves attention as well, 
as the motivation to participate in the intervention was not clinically oriented (e.g., 
community samples with a quest for support or as an obligatory part of a larger 
support program), but involved a willingness to contribute to science. The latter 
is likely to attract a highly educated sample, known for higher levels of parental 
investment, which limits the generalizability of our findings. 
The RCT design including pre- and post-intervention assessments is a strength of 
the current study as it is the gold standard for capturing intervention effects and 
allows for causal inferences. In addition, the current study followed the most recent 
methodological recommendations in task design and calculation of the inhibitory 
control measure. Moreover, our protocol was registered at the start of the study, 
limiting publication bias and the number of researcher degrees of freedom (Simmons, 
Nelson, & Simonsohn, 2011).
Conclusions
The identification of factors that contribute to the successful implementation of 
parenting interventions has received increasing attention over the past years (Fisher 
& Skowron, 2017). The current study adds to the literature by examining intervention 
effects in twin families. We found no evidence for mediation of improvements in 
sensitive discipline after the VIPP-SD by improved inhibitory control. In contrast, 
we did not observe an increase in sensitive discipline and the VIPP-SD seemed 
to interfere with normative (time/practice-related) improvements in inhibitory 
control. We speculate that the complexity involved in the cognitive restructuring 
of parenting schemas induced by the VIPP-SD may be at the heart of our findings. 
Although the design of the current study has several methodological strengths, 
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we strongly emphasize the need for replication and extension of our study among 
large and diverse samples of families who participate in a parenting intervention 
that aims to improve parenting practices, including the larger L-CID cohort. Our 
findings challenge the view that parenting interventions produce ‘simple’ gains in 
inhibitory control (or other cognitive processes) and parental behavior across all 
types of families. Future studies should include a focus on the role of initial problem 
severity, as well as factors that contribute to intervention engagement, to enable firm 

















As outlined in our study protocol (see Chapter 2), the general aim of the studies 
presented in this dissertation was to examine neurocognitive processes through 
which effects of the Video-feedback Intervention to promote Positive Parenting 
and Sensitive Discipline (VIPP-SD) on parenting behavior might be established. 
The mechanisms of interest were two constructs that might play a role in parenting 
behavior: neural face processing and inhibitory control. More specifically, neural 
face processing was investigated in relation to maternal sensitivity, and inhibitory 
control in relation to sensitive discipline. Chapters 3 and 4 focused on neural face 
processing. Chapter 3 described VIPP-SD effects on mothers’ neural processing of 
emotional child faces, with a focus on three ERP components: P1, N170 and LPP. 
Chapter 4 described the examination of neural face processing (i.e., the N170) 
as potential mechanism through which a VIPP-SD effect on observed maternal 
sensitivity might be established. Chapter 5 described a mediation study in which 
we examined inhibitory control as potential mediator between the VIPP-SD and 
observed sensitive discipline. 
In brief, our findings did not support our hypotheses regarding the mechanisms of 
change: neural face processing was not involved in intervention effects on maternal 
sensitivity (Chapter 4) and inhibitory control was not involved in intervention effects 
on sensitive discipline (Chapter 5) in the subgroup of mothers who participated in 
our study. Notably, the VIPP-SD did not result in the expected effects on parenting 
behavior in this group of mothers (Chapter 4 and 5). However, participating in 
the VIPP-SD did affect maternal neural responding as evidenced by more efficient 
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neural face processing, reflected by decreased N170 amplitudes (Chapter 3). We will 
discuss the findings below. 
Neural face processing
Our mediation hypothesis that intervention effects on maternal sensitivity would 
be induced by changes in neural face processing was not supported. Although we 
found more efficient neural face processing after the intervention (Chapter 3), that 
change did not promote maternal sensitivity as VIPP-SD effects on a behavioral level 
were absent in our study (Chapter 4). 
These findings ask for careful reflection. First, our findings showed a significant 
decrease in N170 amplitudes, a component reflecting the relatively early stage of 
encoding and processing faces (see Yovel, 2016 for a review), in the intervention 
group compared to the control group. This finding indicated that the intervention 
resulted in less effortful, more efficient neural face processing. Although stronger 
N170 amplitudes have been related to more extensive information processing 
(Rugg, & Coles, 1995; Fox, Hane, Perez-Edgard, 2006), reductions in neural activity 
during information processing may reflect neural efficiency. To illustrate, inverted 
faces elicit stronger N170 responses, which reflects the additional neural effort 
required to process this type of faces (e.g., Eimer, 2000; Itier & Taylor, 2002; Caharel 
et al., 2011). Less effortful information processing, due to practice for instance, has 
been associated with a reduction in neural effort required to processes information 
(Andreasen et al., 1995; Neubauer & Fink, 2009; Babiloni et al., 2010). In the context 
of the VIPP-SD program, the intervention themes related to maternal sensitivity 
focus on accurate perception and interpretation of children’s displays of emotions, 
for which faces are a central communication channel. As such, training mothers’ 
observational skills might have improved their ability to scan their children’s faces 







This interpretation would be consistent with the reduced N170 amplitudes that we 
observed. However, the results of the mediation analyses presented in Chapter 4 
showed that the VIPP-SD program did not significantly enhance observed maternal 
sensitivity in our sample, and neural face processing was not involved as mediator. 
A possible explanation for this pattern of results might be found in the time-window 
between assessments. On average, there was a three-week period between our EEG 
measure and the maternal sensitivity assessments. That was perhaps too short for 
neural effects to translate into observable changes in maternal sensitivity. Future 
studies should incorporate multiple follow-ups that include assessments of both 
neural and behavioral maternal functioning to draw conclusions on maternal 
neurocognitive processes and their potential involvement in the efficacy of parenting 
support programs. 
Our findings are not consistent with expectations based on previous research. That is, 
we expected to find stronger N170 amplitudes for emotional over neutral faces in the 
intervention group, but we found a reduction in N170 amplitudes for faces in general. 
Further, against our expectation, neural activity was unrelated to maternal sensitivity, 
and the VIPP-SD program did not significantly improve maternal sensitive parenting 
behavior. Several differences between our study and previous work might explain 
the divergent findings. First, differences in sample characteristics might have played 
a role: whereas we reported on a sample of typical mothers without psychopathology 
and/or psychological problems, prior studies that found stronger N170 amplitudes 
reported on samples that included cases of (suspected) maltreatment (Bernard et 
al., 2015; Rodrigo et al., 2011). Studies on maltreatment (e.g., mothers who struggle 
to provide sensitive parenting) showed distinct differences with typical mothers in 
their neural and physiological responses to children’s emotional signals (e.g., León 
et al., 2014; Maupin et al., 2015; Reijman et al., 2014; Rodrigo et al., 2011; Wright, 
Laurent, & Ablow, 2017; Alink, Cyr & Madigan, 2019). This may imply that parenting 
support differentially impacts maternal neurophysiological processes in response to 
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affective child faces depending on the population. In addition, Bernard et al. (2015) 
found a significant correlation between the N170 and observed maternal sensitivity, 
suggesting that neural face processing might play a role in maternal behavior. 
However, we did not obtain evidence for this association, comparable to Endendijk 
et al. (2018), which is one of the few other studies that investigated this association. 
Similar to our sample, Endendijk et al. (2018) reported on a typical sample of highly 
educated mothers, supporting the notion that sample characteristics might play a 
role in the inconsistent findings for the association between the N170 and maternal 
sensitive parenting behavior. The extent to which neurocognitive processes and 
their association with maternal behavior are differentially impacted by parenting 
support programs across divergent populations remains an important topic to be 
addressed in future research. Another explanation might be found in the different 
study designs. Compared to the study by Bernard et al. (2015), who reported on 
post-intervention data only, we included a pre-test that allowed for conclusions on 
causality and direction of effects. The extent to which observed post-intervention 
effects are attributable to the intervention remains unknown in absence of pre-test 
information. Therefore, the design of our study allows for more confidence in our 
findings compared to prior studies on this topic. In order to draw conclusions on the 
directions of effects, it is highly recommended for future studies to include a pre-
test when investigating the neurocognitive efficacy of parenting support programs. 
Lastly, between-study differences regarding the experimental paradigms could 
have contributed to the variability in findings. Whereas previous studies (Bernard 
et al., 2015; Rodrigo et al., 2011) used a categorization task that actively required 
participants to categorize emotional expressions, we used a passive viewing task. 
As elaborated on in Chapter 3, ERP effects can be modulated by task demands (see 
e.g. Huffmeijer et al., 2018, for a discussion on the N170; see also Burra & Kerzel, 
2019; Goffaux, Jemel, Jacques, Rossion, & Schyns, 2003). A paradigm that demands 







face processing, such as stimulus evaluation, motor responses and performance 
motivation in addition to face processing. Thus, the difference in task demands 
through which the N170 was obtained might explain dissimilar findings. In 
addition to task demands, stimulus selection deserves attention as well. That is, 
most previous studies included (emotional) faces of infants. However, infants’ 
ways to communicate their needs are limited to crying and facial expressions. Yet, 
preschoolers communicate their (emotional) needs in various (more subtle) ways 
that go beyond facial expression. Experimental paradigms to elicit maternal neural 
responses that are hypothesized to play a role in actual parenting behavior should 
include stimuli that are most relevant, for instance, facial expressions at different 
intensities and verbal expressions of emotional displays. Future studies should pay 
attention to the development of experimental paradigms to incorporate such stimuli, 
and motivate their choices on both task demands and stimuli selection. 
In sum, the findings on neural face processing as presented in Chapter 3 and 4 showed 
an intervention effect on maternal neural processing as reflected by the change in 
N170 amplitudes (Chapter 3), however that effect did not induce changes on the 
behavioral level, at least as far as the type of parental behavior that was assessed in 
the current sample (Chapter 4). In other words, the intervention ‘got under the skin’ 
and affected early, more automatic aspects of neural face processing, but effects on a 
behavioral level were not found with the current parenting measures. 
Inhibitory control
We did not obtain evidence for our mediation hypothesis that intervention effects 
on sensitive discipline would be induced through improved inhibitory control. 
First, we found an intervention effect on inhibitory control, however opposite to 
our expectations, as inhibitory control improved in the control group whereas 
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the intervention group did not significantly change over time. This finding could 
indicate a ‘normative’ time/practice-related improvement in the control group, 
something that is typically observed when participants perform the stop signal task 
more than once (Manuel, Bernasconi, & Spierer, 2013; Berkman, Kahn, & Merchant, 
2014; Mansouri et al., 2017; Roos et al., 2017; Hartmann, Wachtl, de Lucia, & Spierer, 
2019). We speculated that this normative improvement was interrupted in the 
intervention group, possibly due to VIPP-SD induced restructuring of parenting 
schemas (Azar, Nix, & Makin-Byrd, 2005). That is, the sensitive discipline themes 
of the intervention confront mothers with their own and their children’s behavior, 
which appeals to reinterpretation and reevaluation of the mothers’ behavioral 
repertoire. Restructuring parenting schemas (e.g., integration of new knowledge 
and adaptation of existing knowledge and skills) requires cognitive effort. Such 
complex cognitive changes may have come at the cost of other cognitive operations, 
such as inhibitory control, that we observed at the time of our assessment. Second, 
the mediation analysis showed that inhibitory control was unrelated to sensitive 
discipline and there was no evidence for the expected increase in observed sensitive 
discipline in the intervention group. A possible explanation for our findings might, 
again, be related to the time-window between assessments. That is, if the intervention 
indeed triggered reorganization of previously established parenting schemas (e.g., 
by updating/adapting existing schemas by integrating new knowledge and/or 
learned skills acquired during the intervention), consolidation into stable updated 
parenting schemas that are accessible during the assessment of sensitive discipline 
might take more time than the lag between our assessments. We speculate that 
parenting schemas of discipline strategies might have been ‘under reconstruction’ 
during our assessment of sensitive discipline, which could have diminished positive 
effects on a behavioral level. Future studies should include multiple follow-up 
assessments of inhibitory control and sensitive discipline to draw conclusions on 








Another explanation for the absence of mediation effects might be found in the 
type of inhibition that we assessed and its relevance for sensitive discipline. That 
is, inhibitory control is a core construct of cognitive control, in our study assessed 
using a (non-parenting specific) stop-signal task in a laboratory setting by asking 
participants to press a button. As ongoing cognitive control capacities (assessed by 
a stop-signal task) were found to be interrupted by emotional stimuli (Verbruggen 
& de Houwer, 2007), the assessment of inhibitory control that is relevant in the 
context of sensitive discipline might require a stop-signal task with stimuli that refer 
to challenging child behavior. The ecological validity of stop-signal tasks poses an 
important challenge for future studies on cognitive control in relation to specific 
parenting behaviors. Together, the findings presented in Chapter 5 showed that 
parenting support does not result in ‘simple’ gains in cognitive control processes 
and that the complexity involved in restructuring parenting schemas may have 
contributed to our null findings. 
Parenting support and maternal behavior: SES
Our aim was to investigate the mechanisms through which VIPP-SD effects on a 
behavioral level might be established. Importantly, the VIPP-SD did not result in 
enhanced parenting behavior in the first place (Chapter 4 and 5), at least not in the 
current sub-set of the larger L-CID sample. Prior research showed that parenting 
practices vary across families’ socioeconomic (dis)advantaged features, suggesting 
that parenting support might differentially impact families across the SES gradient. 
Compared to low-SES families, high-SES and non-clinical families are found 
to experience fewer family problems (Hoff, Laursen, & Tardif, 2002), are more 
knowledgeable regarding parenting practices and child development (Benasich & 
Brooks-Gunn, 1996; Morawska, Winter, & Sanders, 2009) and exhibit lower rates 
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of coercive cycles (McGrath & Elgar, 2015). In contrast, low-SES families seem to 
struggle with providing high-quality, consistent and stable parenting practices. 
For instance, low-SES families exhibit higher rates of household chaos (Whitesell, 
Teti, Crosby, & Kim, 2015), parenting stress (Steele et al., 2016), harsh parenting 
(Pinderhughes, Dodge, Bates, Pettit, & Zelli, 2000; Jansen et al., 2012 in mothers 
only), corporal punishment (Ryan, Kalil, Ziol-Guest, & Padilla, 2016) and ineffective 
parenting practices (Coolahan, McWayne, Fantuzzo, & Grim, 2002). Based on those 
findings, one might argue that the need for parenting support is higher in low-SES 
compared to high-SES families. Indeed, the meta-analysis of the VIPP-SD included 
several studies on disadvantaged families (i.e., low-SES, and/or high-risk/clinical) 
who were found to benefit from the intervention (Bakermans-Kranenburg, van 
IJzendoorn, & Juffer, 2003; Juffer, Bakermans-Kranenburg, & van IJzendoorn, 2017). 
Comparable to our findings, Schoemaker et al. (2020) reported that the VIPP-SD 
did not enhance maternal sensitivity and sensitive discipline in a sample of middle- 
to high SES foster families. Participants in the latter study had completed at least 
secondary education: an indicator of advantaged socioeconomic background, 
supporting the notion that SES background may moderate intervention efficacy 
and could explain the absence of intervention effects in the current study. However, 
the literature shows that the relationship between parenting and SES is complex 
(Roubinov & Boyce, 2017) and the extent to which SES moderates intervention 
effects is poorly examined (Brown et al., 2013), which makes it an important issue 
to be addressed in future studies. In addition, in order to gain more insight into the 
extent to which families benefit from parenting support, especially families without 
a disadvantaged background, potential moderators of intervention effects deserve 
attention in future studies. Previous studies showed that initial problem severity 
(Hautmann et al., 2010; Leijten et al., 2013), clinical characteristics of the sample 
(Weisz, Sandler, Durlak, & Anton, 2005) and pre-intervention levels of ineffective 







on parenting behavior and are candidate moderators to be incorporated in future 
studies.
Strengths and limitations
To date, only few studies have investigated neurobiological factors that might be 
involved in intervention effects (Bernard et al., 2015, Swain, Ho, Dayton, Rosenblum 
& Muzik 2014; Swain, et al., 2017), underscoring the lack of knowledge on this 
topic. Although our findings did not support some of the previous work, our study 
benefited from several methodological strengths. For instance, our randomized-
controlled design that included pre- and post-intervention assessments is the gold 
standard to capture intervention effects that allows for causal conclusions and 
information on the directions of effects. Another strength of the current study is the 
pre-registration, since it generates data-independent hypothesis testing and limits 
‘fishing’. Preregistering the study reflects our efforts to practice open science, as 
we made our intentions about the methodology and analytic strategies explicit. In 
adherence with transparency throughout the studies, we provided a justification for 
any deviating from the registration and we were clear on cut-off values for artifact 
rejection. In case of missing data, we performed sensitivity analyses to test the 
robustness of our findings. Over the past years, registration of studies has benefited 
the publication of null findings (Kaplan & Irvin, 2015; Allen & Mehler, 2018), which 
facilitates the reproducibility and credibility of research efforts (Van ‘t Veer & Giner-
Sorolla, 2016). We cannot emphasize enough the importance of publishing null-
findings and we underscore the role of pre-registration in the facilitation of that 
process. 
As can be read in Chapter 2, the pre-registration described our aim to examine 
parental stress (self-reported and reactivity reflected by hair cortisol) as mediator, 
and motivational tendencies (frontal alpha asymmetry) as moderator of intervention 
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effects. Unfortunately, these study aims were beyond the scope of this dissertation due 
to time constraints. However, this is ongoing work and we encourage future studies 
to investigate different levels of parental functioning, such as stress (re-)activity and 
frontal asymmetry, for their mediating and moderating roles in intervention effects 
on parenting behavior.
Besides the above-mentioned methodological strengths, it is important to mention 
that our sample size was rather small. Although we aimed to include 100 mothers, 
recruitment restrictions related to the larger L-CID study limited us to a total of 66 
participants (details can be found in previous chapters). Fortunately, a sample size 
of 66 is substantial enough to detect ERP effects (Huffmeijer et al., 2014), however, it 
might have been too small to detect (subtler) changes in behavior (Taborsky, 2010). 
Importantly, the larger L-CID study is focused on intervention effects on a behavioral 
level and includes a larger sample (n = 202). Examining intervention effects on 
parenting behavior in this larger sample are in preparation and hold promise for 
clarity on the behavioral outcomes where this dissertation is limited (Euser, et al., 
2021). Lastly, it is important to note that this dissertation examined mothers of twins: 
mothers who parent two same-aged children and might experience increased child 
rearing demands. However, a recent study showed that findings on parenting in 
twin families are comparable with non-twin families (Mönkediek, Schulz, Eichhorn, 
Diewald, 2020). Thus, although we reported on a rather specific population in 
which parental processes might work somewhat differently, we are confident that 
the findings reported in this dissertation are generalizable to non-twin families, and 
thus are a valuable contribution to the broader parenting literature. 
Concluding remarks
In this dissertation, we investigated parenting from a neurocognitive perspective 







of VIPP-SD effects on maternal behavior. The findings demonstrated that the VIPP-
SD affected maternal neural face processing as evidenced by a reduction in N170 
amplitudes, which is indicative of more efficient information processing. This 
finding suggested that the intervention program, through the focus on perception 
and interpretation of child signals, enhanced mothers’ ability to scan/read faces 
that resulted in less neural effort required to process faces. Furthermore, the 
investigation of VIPP-SD effects on inhibitory control demonstrated a time/practice-
related improvement in the control group only, suggesting that improvements in 
inhibitory control were interrupted in the intervention group. We speculate that 
this finding indicated that the VIPP-SD program induced cognitive restructuring 
of parenting schemas that may have come at the cost for other cognitive processes 
such as inhibitory control. Lastly, contrary to our expectations, we did not obtain 
evidence for the efficacy of the VIPP-SD on maternal behavior in the current sample 
–a sub-set of the larger L-CID sample – as the expected increase in positive parenting 
behavior was not observed in our study. Importantly, the fact that our sample 
was characterized as advantaged, indicated by parents’ high levels of education, 
might (partly) explain the absence of effects in this sample. Only few studies have 
investigated neurocognitive processes that contribute to parenting and the efficacy of 
parenting support programs, which underscores the need for more research efforts 
in this field. This dissertation represented – to the best of our knowledge – the first 
randomized-controlled trial that included pre- and post-intervention assessments of 
neurocognitive variables. The findings raised new questions for future research and 
























































































































































































































































Sensitivity analyses of intervention effects on N170, P1 and LPP amplitudes
1. Main analyses excluding the case of psychoactive medication use (N = 65)
N170. Two outliers (z = - 3.63 for post-test angry left, z = 3.72 for post-test happy 
left) were winsorized. A RM-ANCOVA evidenced a significant Time*Condition 
interaction F (1, 62) = 6.13, p = .02, ηp² = .09. N170 amplitude is smaller (less negative) 
at post-test then pre-test in the intervention group. No other main or interaction 
effects were present (all Fs ≤ 1.86, ps ≥ .14 and ηp² ≤ .03). 
Peak-to peak N170. Three outliers (z = – 3.34 for post-test neutral left, z = – 4.41 
for post-test happy left, z = – 3.75 for post-test angry left) were winsorized. A RM-
ANCOVA did not yield a significant Time*Condition interaction F (1,62) = 0.79, p = 
.38, ηp² = .01. No other main or interaction effects were present either (all Fs ≤ 2.11, 
ps ≥ .12 and ηp² ≤ .04).
P1. The P1 amplitudes were normally distributed (no skewness values >1 and < 
–1) and no outliers were present (no z-scores > 3.29 or < –3.29). A RM-ANCOVA of 
intervention effects on the P1 did not reveal a significant Time*Condition interaction, 
F (1, 62) = 1.42, p = .24, ηp² = .02. There was a main effect of condition F (1,62) = 14.49, 
p = .00, ηp² = .19 (larger P1 amplitudes in the intervention group) and of BSI score 
F (1,62) = 14.59, p = .00, ηp² = .19 There were no other main or interaction effects 
present (all Fs ≤ 1.82, ps > .22 and ηp² ≤ .02).
LPP. Three outliers (z = 3.47 for pre-test happy, z = – 3.45 for post-test neutral, z 
= –5.39 for post-test angry) were winsorized. A RM-ANCOVA did not reveal a 
Time*Condition interaction F (1, 62) = 0.26, p = .62, ηp² = .00. There was a significant 
main effect of emotion category F (1, 62) = 4.34, p = .02, ηp² = .07. Post-hoc comparisons 
showed that LPP amplitudes were larger for angry faces compared to happy and 
neutral faces (p = .04). No other significant effects or interactions were present (all Fs 









2a. Analyses including all complete cases (N = 59)
N170. Two outliers (z = -3.70 for post-test angry left, z = 3.62 for post-test happy 
left) were winsorized. A RM-ANCOVA evidenced a significant Time*Condition 
interaction F (1, 56) = 4.62, p = .04, ηp² = .08. N170 amplitude is smaller (less negative) 
at post-test then pre-test in the intervention group. No other main or interaction 
effects were present (all Fs ≤ 1.96, ps ≥ .16 and ηp² ≤ .03). 
Peak-to-peak N170. Two outliers (z = – 4.32 for post-test happy left, z = – 3.66 for 
post-test angry left)were winsorized. A RM-ANCOVA did not yield a significant 
Time*Condition interaction F (1,56) = .86, p = .36, ηp² = .02. No other main or 
interaction effects were present either (all Fs ≤ 1.58, ps ≥ .13 and ηp² ≤ .04).
P1. The P1 amplitudes were normally distributed (no skewness values >1 and < 
–1) and no outliers were present (no z-scores > 3.29 or < – 3.29). A RM-ANCOVA of 
intervention effects on the P1 did not reveal a significant Time*Condition interaction, 
F (1, 56) = 1.90, p = .17, ηp² = .03. There was a significant main effect of condition, F 
(1, 56) = 15.07, p = .00, ηp² = .21 (larger P1 amplitudes in the intervention group) and 
of BSI score F (1, 56) = 12.74, p = .00, ηp² = .19. No other effects were present (all Fs ≤ 
1.96, ps ≥ .07 and ηp² ≤ .05). 
LPP. Three outliers (z = 3.59 for pre-test happy, z = -3.44 for post-test neutral, z = -5.16 for 
post-test angry) were winsorized. A RM-ANCOVA did not reveal a Time*Condition 
interaction F (1, 56) = 0.21, p = .65, ηp² = .00. There was a significant main effect of 
emotion category F (1, 55) = 4.15, p = .02, ηp² = .07. Post-hoc comparisons showed 
that LPP amplitudes for angry faces were significantly stronger than happy faces (p 
= .03). No other significant effects or interactions were present (all Fs ≤ 0.90, all ps > 
.05 and ηp² ≤ .05)
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2b. Complete cases excluding the case of psychoactive medication use (N = 58)
N170. Two outliers (z = 3.60 for post-test happy left, z = – 3.70 for post-test angry 
left) were winsorized. A RM-ANCOVA evidenced a significant Time*Condition 
interaction F (1, 55) = 6.41, p = .01, ηp² = .10. N170 amplitude is smaller (less negative) 
at post-test then pre-test in the intervention group. No other main or interaction 
effects were present (all Fs ≤ 1.49, all ps ≥ .16 and ηp² ≤ .03). 
Peak-to-peak N170. Three outliers (z = -3.30 for post-test neutral left, z– 4.33 for post-
test happy left, z = – 3.68 for post-test angry left) were winsorized. A RM-ANCOVA 
did not yield a significant Time*Condition interaction F (1, 55) = 0.61, p = .44, ηp² = 
.01. No other main or interaction effects were present either (all Fs ≤ 2.29, ps ≥ .14 and 
ηp² ≤ .04).
P1. The P1 amplitudes were normally distributed (no skewness values >1 and < 
–1) and no outliers were present (no z-scores > 3.29 or < – 3.29). A RM-ANCOVA of 
intervention feffects on the P1 did not reveal a significant Time*Condition interaction, 
F (1, 55) = 1.61, p = .21, ηp² = .03. There was a main effect of condition present F (1, 
55) = 15.79, p = .00, ηp² = .22 (larger P1 amplitudes in the intervention group) and 
of BSI score F (1, 55) = 12.93, p = .00, ηp² = .19. No other effects were present (all Fs ≤ 
2.09, ps ≥ .07 and ηp² ≤ .05).
 LPP. Four outliers (z = 3.69 for pre-test happy, z = – 3.54 for post-test neutral, z 
= – 3.39 for post-test happy, z = – 5.25 for post-test angry) were winsorized. A RM-
ANCOVA did not reveal a Time*Condition interaction F (1, 55) = 0.21, p = .65, ηp² = 
.00. There was a significant main effect of emotion category F (1, 54) = 4.12, p = .02, 
ηp² = .07. Post-hoc comparisons showed that LPP amplitudes for angry faces were 
significantly stronger than for happy faces (p = .03). No other main or interaction 









3a. Analyses with missing values imputed with the average of the group (N = 66)
N170. Three outliers (z = 3.84 for post-test happy left, z = – 3.36 for post-test happy 
right, z = – 3.92 for post-test angry left) were winsorized. A RM-ANCOVA revealed a 
trend for a Time*Condition interaction F (1, 63) = 2.99, p = .09, ηp² = .05 (rather than 
a significant effect). No main or interaction effects were present either (all Fs ≤ 2.36, 
ps ≥ .09 and ηp² ≤ .04). 
Peak-to-peak N170. Two outliers (z = – 3.86 for post-test angry left, z = – 4.56 for 
post-test happy left) were winsorized. A RM-ANCOVA did not yield a significant 
Time*Condition interaction F (1, 63) = 1.71, p = .20, ηp² = .03. No other main or 
interaction effects were present either (all Fs ≤ 1.71, ps ≥ .18 and ηp² ≤ .03).
P1. The P1 amplitudes were normally distributed (no skewness values >1 and < 
–1) and no outliers were present (no z-scores > 3.29 or < – 3.29). A RM-ANCOVA of 
intervention effects on the P1 did not reveal a significant Time*Condition interaction, 
F (1, 63) = 1.93, p = .17, ηp² = .03. There was a main effect of condition present F (1, 
63) = 17.60, p = .00, ηp² = .19 (larger P1 amplitudes in the intervention group) and of 
BSI F (1, 63) = 14.71, p = .00, ηp² = .22. No other effects were present (all Fs ≤ 3.63, ps 
≥ .07 and ηp² ≤ .05).
LPP. Four outliers (z = 3.40 for pre-test angry, z = – 3.64 for post-test neutral, z = -3.46 
for post-test happy, z = -5.46 for post-test angry) were winsorized. A RM-ANCOVA 
did not reveal a Time*Condition interaction F (1, 63) = 0.08, p = .78, ηp² = .00. No 
other main or interaction effects were present either (all Fs ≤ 1.71, ps ≥ .21 and ηp² ≤ 
.30).
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3b. Imputed average of the group excluding the case of psychoactive medication 
use (N = 65)
N170. Three outliers (z = 3.81 for post-test happy left, z = – 3.39 for post-test happy 
right, z = – 3.91 for post-test angry left) were winsorized. Results from a RM-ANCOVA 
showed that the Time*Condition interaction just failed to reach significance F (1, 62) 
= 3.75, p = .06, ηp² = .06. No other main or interaction effects were present either (all 
Fs ≤ 2.27, ps ≥ .10 and ηp² ≤ .04). 
Peak-to-peak N170. Two outliers (z = – 4.58 for post-test happy left, z = – 3.89 for 
post-test angry left) were winsorized. A RM-ANCOVA did not yield a significant 
Time*Condition interaction F (1, 62) = 1.38, p = .24, ηp² = .02. No other main or 
interaction effects were present either (all Fs ≤ 1.54, ps ≥ .18 and ηp² ≤ .03).
P1. The P1 amplitudes were normally distributed (no skewness values >1 and < 
–1) and no outliers were present (no z-scores > 3.29 or < – 3.29). A RM-ANCOVA of 
intervention effects on the P1 did not reveal a significant Time*Condition interaction, 
F (1, 62) = 1.67, p = .20, ηp² = .03. There was a main effect of condition present F (1, 
62) = 18.40, p = .00, ηp² = .23 (larger P1 amplitudes in the intervention group) and of 
BSI scores F (1, 62) = 14.91, p = .00, ηp² = .19. There were no other main or interaction 
effects present (all Fs ≤ 3.76, ps≥ .07 and ηp² ≤ .07).
LPP. Four outliers (z = 3.40 for pre-test happy, z = – 3.64 for post-test neutral, z = 
– 3.46 for post-test happy, z = – 5.46 for post-test angry) were winsorized. A RM-
ANCOVA did not reveal a Time*Condition interaction F (1, 62) = 0.08, p = .78, ηp² 
= .00. There was a significant main effect of emotion category F (1, 61) = 4.12, p = 
.02, ηp² = .06. Post-hoc comparisons showed that LPP amplitudes were stronger for 
angry faces than for happy faces (p = .04). No other main or interaction effects were 










Although the two analyses (3a and b) of N170 amplitude in which we imputed group 
averages for participants with missing data show a trend rather than a significant 
effect on the N170, the effect was significant in all other analyses of mean N170 
amplitude (our main analyses as well as analyses 2a and b). In addition, carrying 
the last observation forward, as we did in the main analyses, is a rather conservative 
method for handling missing data and still we found an effect. Thus, we trust the 




Moderated mediation analysis including four covariates described under ‘Statistical 
Analyses’.
Hayes’ PROCESS macro model 10 was used for moderated mediation analysis to 
test whether post-N170 amplitudes mediated the effect of the VIPP-SD on post-
maternal sensitivity while including four covariates. Both pre- and post-test N170 
amplitudes r = .87, p < .01 and pre- and post-test maternal sensitivity r = .56, p < .01 
were significantly related. On maternal sensitivity at post-test, the intervention and 
control groups were not significantly different (b = 0.01, p = .98). The interaction 
effect of group and pre-test maternal sensitivity (the actual intervention effect [X*Z]) 
on post-test maternal sensitivity was not significant (b = 0.02, p = .94), thus the 
change in maternal sensitivity from pre-test to post-test did not differ between the 
intervention and control group. On N170 amplitudes at post-test, the intervention 
and control groups were not significantly different (b = 0.31, p = .32), neither was 
the interaction effect of condition and pre-test N170 (the intervention effect [X*W]) 
on post-test N170 amplitudes (b = 0.20, p = .08). Furthermore, we did not find a 
significant association between the N170 at post-test and maternal sensitivity at post-
test (b = -.07, p = .62). Moreover, the indices of partial moderated mediation provided 
no evidence for our hypothesis, as these were not significant: Independent of pre-
test maternal sensitivity, the indirect effect of the intervention on post-test maternal 
sensitivity through post-test N170 amplitudes was not significantly moderated by 
the pre-test N170 amplitudes (b = -0.01, bootstrapped SE = 0.04, 95% confidence 
interval (CI): -0.11 - 0.06). Independent of pre-test N170 amplitudes, the indirect 
effect of the intervention on post-test maternal sensitivity through post-test N170 









-0.02, bootstrapped SE = 0.09, 95% (CI): -0.26 – 0.13). 
Furthermore, all covariates were unrelated to post-test N170 amplitudes at post-test 
(BSI: b = -0.00, p = .85; Time between T0 and T1: b = -0.01, p = .93; Time between T1 
and start of the condition: b = 0.08, p = .39; Duration of the condition: b = 0.04, p = .38) 
and post-test maternal sensitivity (BSI: b = -0.04, p = .14; Time between T0 and T1: b 
= -0.06, p = .34; Time between T1 and start of the condition: b = 0.03, p = .73; Duration 
of the condition: b = 0.03, p = .58).
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Chapter 5
MEMORE two-condition mediator analyses
Results are illustrated in Supplementary figure 1.
Intervention group: Sensitive discipline decreased from pre-test to post-test (total 
effect: b = -0.15, SE = 0.04, p < .01; although the direct effect was not significant: b = 
-0.09, SE = 0.18, p = .61), but SSRT scores did not significantly change over time ([post 
– pre] b = -8.61, SE = 7.86, p = .29). There was no association between SSRT difference 
scores and sensitive discipline difference scores ([post – pre]; b= 0.01, SE = 0.00, p = 
.23). Nor was there evidence for mediation, as indicated by the insignificant indirect 
effect (b = -0.05, bootstrapped SE = 0.06, 95% CI: - 0.19 – 0.07). 
Control group: Sensitive discipline scores increased from pre-test to post-test (total 
effect: b = 0.07, SE = 0.01, p = < .01; although the direct effect was not significant: 
b = 0.11, SE = 0.12, p = .34) and SSRT scores decreased significantly over time (b 
= -43.69, SE = 7.71, p = < .01). There was no association between SSRT difference 
scores and sensitive discipline difference scores ([post – pre]) b= 0.00, SE = 
0.00, p = .58). There was no evidence for mediation either, as indicated by the 
insignificant indirect effect (b = -0.04, bootstrapped SE = 0.07, 95% CI: - 0.19 – 0.11). 
Supplementary figure 1. Two-condition mediator analysis per group with significant association in bold 
font, showing a decrease in sensitive discipline in the intervention group. In the control group, sensitive 
discipline increased and SSRT scores decreased (i.e., improved inhibitory control). There is no evidence 










As can be seen below, the findings closely correspond to the findings reported in the 
main manuscript. 
Main analyses without the participant who used psychoactive medication (n = 65)
Intervention effect on inhibitory control 
The RM-ANCOVA revealed an intervention effect on SSRT as evidenced by 
a significant interaction effect of Time*Condition F(1,60) = 6.53, p = .01, ηp2 = .10. 
Furthermore, there was a main effect of Time F(1,60) = 14.38, p = < .01, ηp2 = .19, with 
a decrease in SSRTs over time. Finally, the results showed a main effect of the ATQ 
scale Orienting Sensitivity F(1,60) = 7.15, p = .01, ηp2 = .11, indicating a trend of higher 
scores on Orienting Sensitivity correlating to higher SSRT scores (r = .24, p = .05). 
No other main or interaction effects were present (all Fs ≤ 1.31, all ps ≥ .26 and ηp2 = ≤ 
.02). To explore the Time*Condition interaction, we performed two paired samples 
t-tests; one for each group. The results showed a significant decrease in SSRT scores 
(i.e., improved inhibition) over time in the control group (t[42] = 24.85, p < .01), but 
the SSRT scores in the intervention group did not significantly change over time 
(t[21] = 1.20, p = .29). 
Moderated mediation analysis
The moderated mediation analysis showed an intervention effect on SSRT scores as 
evidenced by a significant difference between the intervention and control group 
on post-test SSRTs (b = 26.22, p = .02), with lower SSRTs (i.e., better inhibition) in 
the control compared to the intervention group. There was an intervention effect 
on post-test sensitive discipline as evidenced by a significant interaction between 
experimental condition and pre-test sensitive discipline (b = -0.49, p = .04). There 
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was no evidence for our mediation hypothesis as the association between post-test 
SSRT scores and post-test sensitive discipline was not significant (b = 0.00, p = .17), 
and neither were the indices of partial moderated mediation (pre-test SSRT [b = 0.00, 
bootstrapped SE = 0.0008, 95% confidence interval (CI): -0.0013 - 0.0022] and pre-test 
sensitive discipline [b = 0.01, bootstrapped SE = 0.04, 95% (CI): -0.08 – 0.10]). 
Complete cases only (n = 61)
Intervention effect on inhibitory control 
The RM-ANCOVA revealed an intervention effect on SSRT as evidenced by 
a significant interaction effect of Time*Condition F(1,56) = 6.90, p = .01, ηp2 = .11. 
Furthermore, there was a main effect of Time F(1,56) = 15.53, p = < .01, ηp2 = .22, 
with a decrease in SSRTs over time. Finally, we found a main effect of the ATQ 
scale Orienting Sensitivity F(1,56) = 8.79, p = < .01, ηp2 = .14, with higher scores on 
Orienting Sensitivity correlating to higher SSRT scores (r = .27, p = .04). No other 
main or interaction effects were present (all Fs ≤ 1.44, all ps ≥ .24 and ηp2 = ≤ .03). To 
explore the Time*Condition interaction, we performed two paired samples t-tests; 
one for each group. The results showed a significant decrease in SSRT scores (i.e., 
improved inhibition) over time in the control group (t[40] = 26.24, p < .01), but the 
SSRT scores in the intervention group did not significantly change over time (t[19] 
= 1.20, p = .29).
Moderated mediation 
The moderated mediation analysis showed an intervention effect on SSRT scores as 
evidenced by a significant group difference on post-test SSRTs (b = 28.31, p = .02), 
with lower SSRTs (i.e., better inhibition) in the control compared to the intervention 
group. The intervention effect on post-test sensitive discipline, however, failed to 









effect of experimental condition: b = -0.37, p =0.08). There was no evidence for 
mediation: the association between post-test SSRT and post-test sensitive discipline 
was not significant (b = 0.00, p = .17), and neither were the indices of partial 
moderated mediation (pre-test SSRT [b = -0.0002, bootstrapped SE = 0.0010, 95% 
confidence interval (CI): -0.0019 - 0.0022] and pre-test sensitive discipline [b = 0.0029, 
bootstrapped SE = 0.05, 95% (CI): -0.10 – 0.13]).
Imputed group mean (n=66)
Intervention effect on inhibitory control
The RM-ANCOVA revealed an intervention effect on SSRT as evidenced by a 
significant interaction effect of Time*Condition, F(1,61) = 7.29, p = .01, ηp2 = .11. 
Furthermore, there was a main effect of Time, F(1, 61) = 13.18, p = < .01, ηp2 = .18, 
with a decrease in SSRTs over time. Finally, we found a main effect of the ATQ scale 
Orienting Sensitivity, F(1, 61) = 8.31, p = .01, ηp2 = .14, with higher scores on Orienting 
Sensitivity correlating to higher SSRT scores (r = .26, p = .03). No other main or 
interaction effects were present (all Fs ≤ 0.98, all ps ≥ .33 and ηp2 = ≤ .02). To explore 
the Time*Condition interaction, we performed two paired samples t-tests; one for 
each group. The results showed a significant decrease in SSRT scores (i.e., improved 
inhibition) over time in the control group (t[43] = 25.77, p < .01), whereas the SSRT 
scores in the intervention group did not significantly change over time (t[21] = 0.59, 
p = .45).
Moderated mediation
The moderated mediation analysis showed an intervention effect on SSRT scores as 
evidenced by a significant group difference on post-test SSRTs (b = 26.46, p = .02), 
with lower SSRTs (i.e., better inhibition) in the control compared to the intervention 
group. The intervention effect on post-test sensitive discipline, however, was not 
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significant (condition*pre-test sensitive discipline: b = 0.0039, p = .37; main effect of 
experimental condition: b = -0.32, p = 0.10). There was no evidence for our mediation 
hypothesis, as neither the association between post-test SSRT scores and post-test 
sensitive discipline (b = 0.00, p = .19) nor the indices of partial moderated mediation 
were significant (pre-test SSRT [b = 0.00, bootstrapped SE = 0.0008, 95% confidence 
interval (CI): -0.0013 - 0.0200] and pre-test sensitive discipline [b = 0.01, bootstrapped 











Ouders zijn van grote invloed op de sociale, emotionele en cognitieve ontwikkeling 
van hun kinderen. Ouders zijn dan ook vaak de focus van interventies die de 
ontwikkeling van kinderen beogen te ondersteunen. Hierbij wordt verwacht dat 
interventie effecten op het functioneren van het kind tot stand komen via interventie 
effecten op het gedrag van de ouder. In onderzoek naar de effecten van dergelijke 
interventies fungeren ouders vaak als voorspeller, mediator of moderator van 
interventie effecten op de ontwikkeling van kinderen. Echter, blijft daarmee een 
hoop onderbelicht over de interne processen die betrokken zijn bij de verandering 
in het gedrag van de ouder. Om de werking van opvoedingsondersteuning beter 
te begrijpen is het belangrijk om ook interne processen die mogelijk ten grondslag 
liggen aan veranderingen in opvoedgedrag te onderzoeken. Het doel van deze 
dissertatie is meer inzicht verkrijgen in de werking van de Video-feedback 
Intervention to promote Positive Parenting and Sensitive Discipline (VIPP-SD), deze 
interventie is effectief bevonden in het verhogen van sensitief ouderschap maar over 
de factoren die bepalend zijn voor dit succes is weinig bekend. Ik heb mij op twee 
neurocognitieve processen in het bijzonder gericht: de neurale activiteit tijdens de 
verwerking van emotionele kindergezichten en cognitieve controle die betrokken is 
bij het onderdrukken van bepaalde reacties.
Sensitief ouderschap
Geïnspireerd door Charles Darwin’s evolutietheorie, vatte John Bowlby (1969) 
zijn ideeën over de ontwikkeling van de mens samen in de gehechtheidstheorie. 
Deze theorie stelt dat baby’s biologisch voorgeprogrammeerd zijn om een 
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gehechtheidsrelatie met hun ouder/verzorger aan te gaan. Zo vergroot het individu 
de overlevingskansen en het doorgeven van zijn of haar genen om het evolutionair 
succes te waarborgen. Een veilige gehechtheidsrelatie is gerelateerd aan positieve 
ontwikkelingsuitkomsten vanaf de kindertijd tot in de volwassenheid (Atkinson 
et al., 2000; Fagot, 1997; Sroufe, Egeland, Carlson, & Collins, 2005; Stams, Juffer, 
& Van IJzendoorn, 2002). De kwaliteit van zorg tijdens vroege ervaringen speelt 
een belangrijke rol in het ontwikkelen van een (on)veilige gehechtheidsrelatie 
(Ainsworth, 1974; Verhage et al., 2016). De kwaliteit van zorg is geformuleerd als 
sensitiviteit: de capaciteit om (emotionele) signalen van het kind juist te herkennen 
en interpreteren om er vervolgens op een prompte, adequate en consistente manier 
op te reageren (Ainsworth, Bell, & Stayton, 1974). Op die manier fungeert de ouder 
als een veilige haven voor het kind door emotionele steun, comfort en (lichamelijke) 
bescherming te bieden, met name wanneer het kind stress ervaart. Gehechtheid 
ontwikkelt zich in het eerste levensjaar maar sensitiviteit blijft ook daarna van groot 
belang. Onderzoek toont aan dat een sensitieve opvoeding een positief effect heeft 
op de cognitieve ontwikkeling (Bernier, Carlson & Whipple, 2010; Malmberg et al., 
2015; Merz, Landry, Montroy & Williams, 2017), sociale competentie (Krevans & 
Gibbs, 1996; Newton, Laible, Carlo, Steele & McGinley, 2014; Daniel, Madigan, & 
Jenkins, 2016) en gedragsregulatie (van Zeijl et al., 2006; Moss, Dubois-Comtois, Cyr, 
Tarabulsy, St-Laurent & Bernier, 2011). Bevorderingen in de cognitieve en motorische 
ontwikkeling na het eerste levensjaar zorgen ervoor dat kinderen de wereld om 
zich heen en hun autonomie gaan verkennen. Daarmee wordt hun wereld zowel 
letterlijk als figuurlijk groter met meer en complexere ervaringen en emoties als 
gevolg. Kinderen moeten in die nieuwe situaties leren omgaan met hun emoties, 
dit vraagt om duidelijke regels en kaders omtrent acceptabel gedrag: sensitief 
disciplineren. De theoretische achtergrond van sensitief disciplineren is de sociale 
leertheorie, coercive cycles in het bijzonder (Patterson, 1982). Daarin wordt gesteld dat 










kan escaleren in een hardnekkige negatieve spiraal van wederkerige vijandigheid. 
Dit levert voor zowel de ouder als het kind veel stress op en wanneer een dergelijk 
gedragspatroon, een coercive cycle, gemanifesteerd is, wordt het doorbreken daarvan 
steeds lastiger. Meerdere onderzoeken tonen aan dat dysfunctioneel disciplineren, 
zoals straffen, het inconsistent grenzenstellen maar ook laksheid dus de afwezigheid 
van duidelijke grenzen, gerelateerd is aan probleemgedrag (Larzelere & Patterson, 
1990; Patterson, 2002; Snyder & Stoolmiller, 2002; Martin, Kim, Bruce, & Fisher, 
2014; Pinquart, 2017; Ziv & Arbel, 2020). Daarentegen voorkomt/verbreekt effectief 
disciplineren een dergelijke escalatie tussen ouder en kind. Effectieve strategieën, 
zoals het kind afleiden of het rustig stellen van duidelijk regels en grenzen met uitleg 
van consequenties, zijn dan ook gerelateerd aan minder probleemgedrag (Scott, 
Briskman, & O’Conner, 2014; Pinquart, 2017). Samenvattend kan gesteld worden 
dat zowel sensitiviteit als disciplinering een belangrijke rol spelen in de opvoeding 
van jonge kinderen met (lange-termijn) gevolgen voor de ontwikkeling. Waar 
sensitiviteit bijdraagt aan (het onderhouden van) de gehechtheidsrelatie, draagt 
sensitief disciplineren bij aan de gedragsregulatie en socialisatie van het kind. Voor 
een goede start en het (preventief) ondersteunen van een positieve ouder-kind 
relatie bestaat er een aantal effectieve ondersteuningsprogramma’s. Een daarvan 
is de Video-feedback Intervention to promote Positive Parenting and Sensitive 
Discipline (VIPP-SD) die bewezen effectief is bevonden in het bevorderen van 
sensitief ouderschap en ontwikkelingsuitkomsten van kinderen.
Opvoedingsinterventie VIPP-SD
De VIPP-SD (Juffer, Bakermans-Kranenburg, & Van IJzendoorn, 2017) kent haar 
oorsprong in de gehechtheidstheorie (Bowlby, 1969) en de sociaal lerentheorie 
(Patterson, 1982). De interventie is gericht op het versterken van sensitief ouderschap 
en is geschikt voor ouders met jonge kinderen (1 – 6 jaar). De interventie bestaat 
uit 5 tot 6 huisbezoeken van ongeveer twee uur waarin de interactie tussen ouder 
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en kind gefilmd wordt tijdens een spelsituatie om vervolgens de beelden van de 
het vorige huisbezoek te bespreken. Een getrainde VIPP-SD ondersteuner geeft 
positieve feedback op videobeelden van de interactie tussen ouder en kind en 
bereidt die feedback tussen twee huisbezoeken voor aan de hand van thema’s 
rondom sensitiviteit en disciplineren. Het gebruik van eigen beeldmateriaal zorgt 
ervoor dat de ouder zich kan identificeren met de inhoud en kan reflecteren 
op het gedrag van zichzelf en het kind. Een krachtig element van de interventie 
is dat de ouder zelf fungeert als het model voor gedragsverandering. Een meta-
analyse die 12 gerandomiseerde onderzoeken includeert heeft aangetoond dat de 
VIPP-SD effectief is in het verhogen van sensitief ouderschap (effectgrootte van 
d = 0.47) in verschillende populaties en in verschillende landen (Juffer, Bakermans-
Kranenburg & van IJzendoorn, 2017). Echter, is er weinig bekend over factoren die 
de gedragsverandering verklaren. Hoewel er verwacht wordt dat dit het resultaat is 
van neurocognitieve veranderingen, is het onderzoek naar dergelijke mechanismen 
van interventie effecten in niet-klinische populaties zeer schaars. Door verschillende 
niveaus van functioneren te bestuderen, zowel neuraal, cognitief als gedrag, beschrijf 
ik in deze dissertatie het onderzoek naar twee factoren in het bijzonder: neurale 
gezichtsverwerking en cognitieve controle.
Neurale en cognitieve processen 
Vaak wordt opvoeding gedefinieerd als het observeerbare gedrag tijdens ouder-kind 
interacties. Wanneer opvoeding bekeken wordt als een eindproduct dat resulteert uit 
een samenspel van neurale, cognitieve en emotionele processen (Pareira & Ferreira, 
2016) in reactie op signalen van het kind, is het observeerbare gedrag slechts als het 
puntje van de ijsberg. Gehechtheid en verzorgend gedrag is evolutionair van waarde 
en verankerd in de neurobiologie van zoogdieren, waaronder mensen (Feldman, 
2017; Kohl, 2020). Neurale netwerken in het ‘moederbrein’ zijn gespecialiseerd in het 










voor dergelijke signalen en zo nodig het bieden van zorg. Zo blijkt dat het brein 
van moeders sterker en meer gedifferentieerd reageert op emotionele baby- en 
kindergezichten en op huilgeluiden variërend in pitch, in vergelijking met het brein 
van vrouwen die geen moeder zijn (Maupin, Hayes Mayes & Rutherford, 2015). 
Om informatieverwerking in het brein te onderzoeken is in deze dissertatie gebruik 
gemaakt van elektro-encefalografie (EEG). Met deze methode wordt de elektrische 
activiteit van het brein gemeten met sensoren op de schedel (Luck, 2005). Uit het 
EEG kan een specifieke reactie van het brein worden berekend, het zogenaamde 
event-related potential (ERP). Een ERP bestaat uit verschillende componenten die 
te herkennen zijn als pieken of golven in het signaal. Een component kan het best 
begrepen worden als een signaal dat specifieke sensorische en cognitieve processen 
reflecteert en wordt gegenereerd in het gebied dat zich met die specifieke verwerking 
bezighoudt. In deze dissertatie staat het component dat gezichtsverwerking 
reflecteert centraal: de N170. De N170 wordt gegeneerd in de occipito-temporale 
gebieden en reflecteert de vroege, meer geautomatiseerde visuele verwerking van 
(de structurele kenmerken van) stimuli, in het bijzonder gezichten (Bentin, Allison, 
Puce, Perez, & McCarthy, 1996; Botzel, Schulze, & Stodieck, 1995; Yovel, 2016). De 
N170 is een negatieve piek die ongeveer op 170 milliseconden na het zien van een 
gezicht optreedt. De zeer hoge temporale resolutie van EEG biedt inzicht in vroege, 
meer geautomatiseerde neurale processen en late, meer gecontroleerde neurale 
processen. Deze methode leent zich daarom goed voor onderzoek naar basale 
processen die betrokken zijn bij het ontvangen en verwerken van kindsignalen en 
belicht daarmee de meer intuïtieve kant van opvoeding. 
Naast processen die met perceptie te maken hebben draagt ook cognitie bij 
aan de vormgeving van menselijk gedrag. Executief functioneren (EF) is een 
multidimensionaal concept en omvat verschillende cognitieve processen zoals 
inhibitie, cognitieve flexibiliteit, werkgeheugen, planning en regulatie van emoties 
en gedrag (Alvarez & Emory, 2006). Deze cognitieve processen zorgen ervoor dat 
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impulsief gedrag niet de overhand neemt en we per situatie ons gedrag kunnen 
afstemmen op wat gepast is. Een van de kern functies van EF is inhibitie, het 
vermogen om bepaalde automatische/dominante responsen te onderdrukken 
(Li, Chung, Vanyukov, Wood, Ferrell, & Clark, 2015). Een tekort aan inhibitie is 
gerelateerd aan verslaving, impulsief gedrag (Argyriou, Davidson, & Lee, 2017) en 
kindermishandeling (Crandall, Deater-Deckard, & Riley, 2015). Een hogere mate 
van inhibitie is positief gerelateerd aan gedragsregulatie, wat in de context van 
opvoeding een belangrijke rol speelt in het reguleren van eigen negatieve emoties 
in reactie op ongehoorzaam en opstandig kindgedrag (Kienhuis et al., 2010; Deater-
Deckard et al., 2012). Sensitief disciplineren vraagt om regulatie van negatieve 
emotionaliteit, het onderdrukken van impulsieve reacties om op het kind gefocust 
te blijven en vervolgens sensitief te reageren. In het onderzoek naar factoren die 
onderliggend zijn aan opvoeding en opvoedingsondersteuning is het dan ook van 
belang om zowel naar perceptuele als cognitieve processen te kijken.
Ouderschap en neurale gezichtsverwerking
Omdat sociale interactie zo belangrijk is voor de mens, bezitten we verschillende 
verbale en non-verbale capaciteiten die sociaal gedrag faciliteren. Gezichten 
spelen hier een belangrijke rol in omdat ze essentiële informatie dragen over de 
emotionele staat en intenties van anderen (Gradu & Keightley, 2002; Adolphs, 
2003; Zebarowitz, 2006). Het lezen van gezichten speelt ook in opvoeding een rol, 
met name voor ouders van jonge kinderen omdat zij nog niet in staat zijn hun 
(emotionele) behoeften te verbaliseren. Uit onderzoek blijkt dat vrouwen in het 
algemeen, maar moeders in het bijzonder, inderdaad meer aandacht hebben voor 
emotionele baby- en kindergezichten in vergelijking met emotionele gezichten van 
adolescenten en volwassenen (Thompson-Booth et al., 2014a; 2014b). Dit is ook 
terug te zien in onderzoek naar hersenactiviteit in reactie op emotionele gezichten. 










reflecteert, is sterker voor emotionele gezichten van baby’s en kinderen in vrouwen 
die moeder zijn in vergelijking met vrouwen die dat niet zijn (Maupin et al., 2015). 
Deze neurale gevoeligheid heeft niet alleen te maken met verwantschap maar wordt 
ook vormgegeven door opvoedervaringen, zo blijkt uit adoptiestudies waarin het 
brein van moeders sterker reageert op het gezicht van hun eigen kind (al dan niet 
biologisch verwant) dan op onbekende kindergezichten (Grasso, Moser, Dozier & 
Simons, 2009; Bick, Dozier, Bernard, Grasso, & Simons, 2013). Daarnaast suggereert 
het onderzoek van Bernard, Simons en Dozier (2015) dat de N170 gevoelig is voor de 
effecten van een attachment-based opvoedingsinterventie die gericht is op het verhogen 
van sensitief gedrag. In datzelfde onderzoek wordt gerapporteerd dat moeders die 
sterker op emotionele kindergezichten reageerden ook de moeders waren met een 
hogere score op sensitief gedrag tijdens ouder-kind interactie (Bernard et al., 2015). 
Dit suggereert dat neurale sensitiviteit voor emotionele kindsignalen resoneert 
met sensitiviteit op gedragsniveau. Hoofdstuk 3 en hoofdstuk 4 beschrijven het 
onderzoek naar neurale gezichtsverwerking. Hoofdstuk 3 beschrijft het onderzoek 
naar het effect van de VIPP-SD op vroege, meer geautomatiseerde en late, meer 
gecontroleerde neurale processen die betrokken zijn bij gezichtsverwerking. Het 
EEG werd opgenomen tijdens een zogenaamde passive viewing paradigma waarbij 
moeders werd gevraagd om stil naar een computerscherm te kijken waarop blije, 
boze en neutrale kindergezichten gepresenteerd werden. In navolging hierop is in 
het onderzoek dat beschreven is in hoofdstuk 4 getest of neurale gezichtsverwerking 
een rol speelt bij VIPP-SD effecten en sensitief gedrag tijdens ouder-kind interactie. 
Voor de meting van sensitiviteit is gebruik gemaakt van een spel waarbij ouder en 
kind moesten samenwerken, de zogenaamde Etch-a-sketch taak. 
Ouderschap en inhibitie
Complex gedrag zoals sensitief ouderschap is dynamisch, het wisselt van moment 
tot moment en per kan per situatie verschillen. De complexiteit van die elementen 
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samen doet een groot beroep op cognitieve functies. Onderzoek toont inderdaad 
aan dat cognitieve capaciteiten betrokken zijn bij ouderschap. Zo bestaat er een 
relatie tussen negatief ouderschap, zoals straffen op een harde manier en controle 
uitoefenen over het kind, en een lage mate van cognitieve vaardigheden (Deater-
Deckard, Wang, Chen, & Bell, 2012; Crandall, Deater-Deckard & Riley, 2015; Bridgett, 
Kanya, Rutherford & Mayes, 2017). Een hogere mate van cognitieve vaardigheden 
daarentegen is juist gerelateerd aan meer positief ouderschap (Chico, Gonzales, 
Ali, Steiner, & Fleming, 2014; Crandall et al., 2015). Vooral tijdens stressvolle 
opvoedsituaties zijn cognitieve vaardigheden, inhibitie in het bijzonder, van 
belang voor het waarborgen van de kwaliteit van opvoeding (Sturge-Apple, Jones, 
& Suor, 2017; Park & Johnston, 2020). De opvoeding van jonge kinderen kan een 
beroep doen op het onderdrukken van impulsieve en dominante reacties vanwege 
ongehoorzaam en opstandig gedrag dat de bekende terrible twos en threes kenmerkt. 
Hoofdstuk 5 van deze dissertatie beschrijft het onderzoek naar inhibitie in relatie 
tot VIPP-SD effecten en sensitief disciplineren tijdens geobserveerde ouder-kind 
interacties. Om inhibitie te meten is gebruik gemaakt van een zogenaamde stop-
signal taak die uit 75% go- en 25% stop-trials bestond. Deze taak meet de capaciteit om 
een aangewakkerde respons al dan niet succesvol te onderdrukken. Voor het meten 
van disciplineren is gebruik gemaakt van de don’t touch taak waarin er aantrekkelijk 
speelgoed wordt neergezet en de ouder de taak krijgt om het kind er alleen naar te 
laten kijken en het speelgoed niet aan te raken.
Leiden Consortium on Individual Development
De studies die beschreven zijn in deze dissertatie werden uitgevoerd binnen het 
tweelingonderzoek Samen Uniek welke is ingebed in het Leiden Consortium on 
Individual Development (L-CID). L-CID is een 6-jarig gerandomiseerd onderzoek 
met een experimenteel cohort-sequentieel design waaraan gezinnen met een- en 










kindertijd cohort (Euser et al., 2016) en het late kindertijd cohort (Crone et al., 
2020), elk bestaande uit ongeveer 250 gezinnen. Het primaire doel van L-CID is 
het toetsen van de effectiviteit van de VIPP-SD op sensitief opvoedgedrag voor 
ouders met een tweeling (Euser et al., 2016). Het secundaire doel van L-CID is 
om meer inzicht te krijgen in hoe de interactie tussen persoonskarakteristieken en 
omgevingsfactoren, nature en nurture, van invloed is op de ontwikkeling van sociale 
competentie en gedragsregulatie vanaf de vroege kindertijd tot de puberteit. Tijdens 
jaarlijkse metingen, zowel aan huis als in het laboratorium op de universiteit, zijn 
verschillende niveaus van functioneren in kaart gebracht door gebruik te maken van 
diverse meetmethoden en instrumenten (vragenlijsten, gedragsobservaties, EEG/
ERP, fMRI). 
De empirische studies die in deze dissertatie beschreven zijn hebben betrekking op 
een gedeelte van de gezinnen uit het vroege kindertijd cohort. De steekproef die ik 
beschreven heb bestaat uit 66 moeders met hun 5-jarige tweeling. De randomisatie 
procedure resulteerde in een interventiegroep van 22 moeders die de VIPP-SD kregen 
en een controlegroep van 44 moeders die een zogenaamde dummy interventie 
kregen. De dummy interventie bestond uit telefonische contactmomenten over 
de algemene ontwikkeling van de tweeling zonder dat er opvoedadvies gegeven 
werd. De moeders namen deel aan twee metingen: een voor de VIPP-SD of dummy 
interventie en een erna. Beide metingen vonden plaats in het Child and Family Lab 
van Universiteit Leiden. Hoofdstuk 2 beschrijft de pre-registratie van de empirische 
studies. Hierin worden de theoretische achtergrond, de details over de steekproef 
en diens selectie van de grotere L-CID groep, de randomisatieprocedure en 
ontwikkeling van de taken uiteengezet.  
Resultaten van het onderzoek
In zowel hoofdstuk 3 als hoofdstuk 4 staat het onderwerp neurale gezichtsverwerking 
centraal. Hoofdstuk 3 presenteert het onderzoek naar VIPP-SD effecten op 
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hersenactiviteit in reactie op gezichten van kinderen met verschillende emotionele 
uitdrukkingen: blij, boos en neutraal. De resultaten toonden een effect op de vroege, 
meer geautomatiseerde neurale verwerking van gezichten: N170 amplitudes 
in de interventiegroep waren afgenomen terwijl er in de controlegroep geen 
verandering in hersenactiviteit optrad. Hoewel sterkere amplitudes doorgaans 
een meer uitgebreide en intensievere informatieverwerking reflecteren (Rugg, & 
Coles, 1995; Fox, Hane, Perez-Edgard, 2015), duiden minder sterke amplitudes 
op een efficiëntere informatieverwerking. Dit blijkt uit onderzoek naar het effect 
van oefening en training op neurale informatieverwerking (Andreasen et al., 1995; 
Neubauer & Fink, 2009; Babiloni et al., 2010). Het verwerken van gezichten is als 
het ware ‘gemakkelijker’ en dus efficiënter geworden. De VIPP-SD laat daarmee 
een effect ‘onder de huid’ achter, mogelijk doordat de VIPP-SD moeders traint om 
signalen van het kind te observeren.
Een belangrijke vervolgvraag was of die neurale verandering gepaard ging met 
een verandering op gedragsniveau, dit onderzoek is in hoofdstuk 4 beschreven. De 
resultaten boden geen evidentie voor een interventie effect op sensitiviteit tijdens 
geobserveerde ouder-kind interactie en er was ook geen sprake van een verband 
tussen neurale gezichtsverwerking en sensitiviteit. Een mogelijke verklaring voor 
de afwezigheid van een interventie effect op sensitiviteit zou het relatief korte 
tijdsbestek (gemiddeld ongeveer 3 weken) tussen de EEG-meting en de meting van 
sensitiviteit kunnen zijn. Mogelijk hebben dergelijke interventie effecten op neurale 
gezichtsverwerking meer tijd nodig voordat ze doorwerken en zichtbaar zijn in 
gedrag. 
Hoofdstuk 5 beschrijft het onderzoek naar inhibitie en diens rol in verwachtte 
interventie effecten op sensitief disciplineren. De resultaten toonden aan dat, in 
vergelijking met de voormeting, inhibitie verbeterde in de controlegroep terwijl 
er in de interventiegroep geen verschil over tijd te zien was. De verbetering in 










doorgaans wordt gevonden wanneer men een inhibitie taak twee of meerdere keer 
maakt (Manuel, Bernasconi, & Spierer, 2013; Berkman, Kahn, & Merchant, 2014; 
Mansouri et al., 2017; Roos et al., 2017; Hartmann, Wachtl, de Lucia, & Spierer, 2019). 
De afwezigheid daarvan in de interventiegroep zou kunnen betekenen dat die 
normale verbetering van inhibitie onderbroken is door de VIPP-SD. Mogelijk heeft 
het reflecteren op eigen gedrag tijdens de VIPP-SD geleid tot het herstructureren van 
cognitieve schema’s die de moeders over opvoeding hadden (Azar, Nix, & Makin-
Byrd, 2005). Het herstructureren van cognitieve schema’s vraagt tijd en cognitieve 
inspanning dat mogelijk ten koste is gegaan van andere cognitieve processen zoals 
inhibitie. Verder boden de resultaten van de mediatie analyse geen bewijs voor het 
verwachtte interventie effect op disciplineren en er was geen significant verband 
tussen inhibitie en disciplineren. Ook hier geldt dat de periode tussen de metingen 
van inhibitie en disciplineren relatief kort was. Als de VIPP-SD heeft geleid tot het 
herstructureren van cognitieve schema’s over opvoeding, dan waren deze mogelijk 
under construction tijdens de meting van disciplineren en vraagt het meten van 
gedragseffecten daarvan om een latere nameting. 
Conclusie
Deze dissertatie beschrijft onderzoek naar neurocognitieve processen die getest 
zijn op hun betrokkenheid bij de VIPP-SD en sensitief ouderschap. De bevindingen 
tonen aan dat de VIPP-SD, die gericht is op het herkennen en interpreteren van 
emotionele kindsignalen, heeft geleid tot een afname van neurale inspanning 
tijdens het verwerken van kindergezichten. Dit duidt op efficiëntere neurale 
informatieverwerking en suggereert dat de interventie, wellicht door het trainen van 
vaardigheden om emotionele signalen van het kind te observeren, het lezen/scannen 
van gezichten gemakkelijker heeft gemaakt. Het onderzoek naar inhibitie in relatie 
tot effecten van de VIPP-SD en sensitief disciplineren toonde een normale oefening/
tijd-gerelateerde verbetering in de controlegroep, suggererend dat deze normale 
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verbetering in inhibitie onderbroken was in de interventiegroep. Mogelijk heeft de 
VIPP-SD geleid tot het herstructureren van cognitieve opvoedschema’s wat ten koste 
is gegaan van andere cognitieve processen, zoals inhibitie. Wat betreft het onderzoek 
naar VIPP-SD effecten gedrag tijdens ouder-kind interactie, is er geen bewijs gevonden 
dat VIPP-SD sensitief ouderschap verhoogt. Mogelijke verklaringen hiervoor zijn de 
relatief kleine steekproef en de hoogopgeleide achtergrond van de moeders in deze 
steekproef. Uiteraard is het van belang dat de bevindingen gerepliceerd worden. De 
sterke onderzoeksopzet heeft nieuwe inzichten gegenereerd en roept nieuwe vragen 
voor vervolgonderzoek op. De studies beschreven in deze dissertatie zijn, naar onze 
kennis, de eerste gerandomiseerd-gecontroleerde studies met voor- en nameting die 
de potentiele neurocognitieve mechanismen van opvoedingsondersteuning hebben 
onderzocht in een niet-klinische populatie. Hiermee levert deze dissertatie een 
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